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VRB Updates

(Listed in reverse chronol ogical order. Internediate versions may have been
generated for test purposes.)
Date File Name Application | Changes
10/06/01 | Vrb1BO6P.hex 0 - no changes
(DO SVX)
1 - 20 usec timeout on data arriva
(CDF SVX) | - ddeteleading zero wordsin event stream
- assart error line 3 for timeout
- add “wyswyg’ mode (no zero word deetion, no
EOR deletion, no “D0O” deletion)
- add enable regigter for “wyswyg’ mode
- add enable regigter for timeout
2 - hochanges
(CDF DAQ)
3 - nochanges
(CDF TEST)
4 - no changes
(DO TEST)
5 - no changes
(DO Trigger)
7/25/01 | Vrb1725P.hex 0 - Move nonpipdined block data starting address to
(DO SVX) 0xC00000, (increase pipdined block address
range to 32K bytes)
1 - nochanges
(CDF SVX)
2 - no changes
(CDF DAQ)
3 - no changes
(CDF TEST)
4 - no changes
(DO TEST)
5 - no changes
(DO Trigger)
2/08/01 | vrb1208P.hex 0 - add control bit to disable backplane status sgna's
(DO SVX) when board isnot in use

change default buffer configuration to 16 X 2K
(buffers 0-15) with overlapping 8 X 4K sat
(buffers 16-23)

enable software write- protect




1 enable software write- protect
(CDF SVX)
2 enable software write- protect
(CDF DAQ)
3 enable software write- protect
(CDF TEST)
4 enable software write- protect
(DO TEST)
5 add control hit to disable backplane status sgnds
(DO Trigger) when board isnot in use
change default buffer configuration to 16 X 2K
(buffers 0-15) with overlapping 8 X 4K sat
(buffers 16-23)
enable software write- protect
11/12/00 | vrbOB12.hex 0 no changes
(DO SVX)
1 no changes
(CDF SVX)
2 restore original BUSY code and fix problem which
(CDF DAQ) could cause missng EOR word under certain
BUSY conditions, also add input FIFO AFF to
BUSY
3 no changes
(CDF TEST)
4 no changes
(DO TEST)
5 no changes
(DO Trigger)
10/25/00 | vrbOA25.hex 0 fix for missng first words in D64 block transfer
(DO SVX)
1 fix channel order in header status words to match
(CDE SVX) new channd ordering
2 no changes
(CDF DAQ)
3 fix channd order in header status words to match
(CDF TEST) new channd ordering
4 revert to original channd ordering to avoid hangups
(DO TEST) on unpopulated channels
5 fix for missing first words in D64 block transfer
(DO Trigger)
10/19/00 | vrbOA19.hex 0 remove previous VME changes due to possible

(DO SVX)

FIFO conflict




1 - remove previous VME changes dueto possible
(CDF SVX) FIFO conflict
2 - add hysteressto BUSY signd, remove interna
(CDF DAQ) VRB holds on BUSY
- remove previous VME changes dueto possible
FIFO conflict
3 - remove previous VME changes dueto possible
(CDF TEST) FIFO conflict
4 - remove previous VME changes due to possible
(DO TEST) FIFO conflict
5 - remove previous VME changes dueto possible
(DO Trigger) FIFO conflict
10/05/00 | vrbOA05.hex 0 - modify scanready satus Sgnd so that it is asserted
(DO SVX) as soon as the output FIFO beginsto fill (instead of
waiting for the complete event to be transferred)
- changesto VME interface to improve response
time, reduce bus errors
1 - changesto VME interface to improve response
(CDF SVX) time, reduce bus errors
- diminate BIT3 ecific VME logic
2 - changesto VME interface to improve response
(CDF DAQ) time, reduce bus errors
- diminate BIT3 specific VME logic
3 - changesto VME interface to improve response
(CDF TEST) time, reduce bus errors
- diminate BIT3 specific VME logic
4 - changesto VME interface to improve response
(DO TEST) time, reduce bus errors
- diminate BIT3 ecific VME logic
5 - modify scanready statussgna so that it is asserted
(DO Trigger) as soon as the output FIFO beginsto fill (instead of
waliting for the complete event to be transferred)
- changesto VME interface to improve response
time, reduce bus errors
9/01/00 | vrb0901.hex 0 no changes
(DO SVX)
1 - fix to prevent misread of SRC command during
(CDF SVX) VME read of datus registers
2 no changes
(CDF DAQ)
3 - fix to prevent misread of SRC command during
(CDF TEST) VME read of status registers




4 - fix to prevent misread of SRC command during
(DO TEST) VME reed of status registers
5 no changes
(DO Trigger)
8/28/00 | vrb0828.hex 0 - add monitor functions (same functiondity as cdf svx
(DO SVX) monitor)

- st bit O of third header word if gray decoding
enabled. Remove bit per channd gray decode
enable and replace with sngle bit (bit 0) in enable
register

- add "User Info" (16 bits) to upper haf of second
header word

- add module 1D (geographical address) to top byte
of lower haf of second header word

- add firmware verson number to upper haf of third
header word

- expand EOR character to "CO" (instead of "Cx"),
to avoid conflict with sequencer ID

- disable gray code decoding for dl incoming bytes
which are not SV X chip data. In addition, chip data
is not decoded when the chip ID is 14 or 15
("virtud" SVX chip)

- removed code which prevented restart mode
change

1 no changes
(CDF SVX)
2 no changes
(CDF DAQ)
3 no changes
(CDF TEST)
4 no changes
(DO TEST)
5 - st hit 1 of third header word to indicate trigger
(DO Trigger) record

- remove automatic EOR when input FIFO empty >
10 clocks

- add"User Info" (16 bits) to upper haf of second
header word

- add module ID (geographica address) to top byte
of lower hdf of second header word

- add firmware verson number to upper hdf of third
header word




7/07/00 | vrb0707.hex 0 no changes
(DO SVX)
1 no changes
(CDF SVX)
2 no changes
(CDF DAQ)
3 no changes
(CDF TEST)
4 no changes
(DO TEST)
5 - added DO Trigger gpplication (gpplication 5).
(DO Trigger) Initidly the same as DO SV X mode, except using
G-Link D17/D19 ingteed of "Cx" for EOR
6/06/00 | vrb0606.hex 0 no changes
(DO SVX)
1 - reversed order of check for scan commands, so
(CDF SVX) that VRB expects scan buffer number before event
number
2 no changes
(CDF DAQ)
3 no changes
(CDF TEST)
4 no changes
(DO TEST)
4/03/00 | vrb0403.hex 0 - remove check of output FIFO empty which
(DO SVX) allowed VME D64 access to FIFO before data
ready (Similar to previous problem, but different
cause)
1 - remove check of output FIFO empty which
(CDF SVX) allowed VME D64 access to FIFO before data
reedy (Smilar to previous problem, but different
cause)
2 - remove check of output FIFO empty which
(CDF DAQ) allowed VME D64 access to FIFO before data
reedy (Smilar to previous problem, but different
cause)
3 - remove check of output FIFO empty which
(CDF TEST) allowed VME D64 access to FIFO before data

ready (Smilar to previous problem, but different
cause)




4
(DO TEST)

remove check of output FIFO empty which
alowed VME D64 access to FIFO before data
ready (Smilar to previous problem, but different
cause)

3/17/00

vrb0317.hex

0
(DO SVX)

modify arbitration to avoid VME D64 read of
output FIFO before datais ready

1
(CDF SVX)

modify arbitration to avoid VME D64 read of
output FIFO before datais ready

et controller error bit (Statussgnd 6) if VRB
recaives a read buffer number command without
first receiving both pipeline capacitor number and
bunch crossing number commands, or if VRB
receives a scan buffer number command without
firgt recaiving an event number command. (thisisto
better detect corrupted commands on J3
backplane)

fixed error which caused status information for
channels 1 and 6 not to appear in output header
fixed “time sinceleve 17 in header to reflect vaue
a readout command rather than last value received.
(“timesnceleve 1" was being overwritten if
additional read commands were received before
scan)

2
(CDF DAQ)

modify arbitration to avoid VME D64 read of
output FIFO before datais ready

3
(CDF TEST)

modify arbitration to avoid VME D64 read of
output FIFO before datais ready

4
(DO TEST)

modify arbitration to avoid VME D64 read of
output FIFO before datais ready

1/07/00 (vrb0107.hex) Production basgline version.
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Genera Description
The VRB is a multiport memory desgned to buffer and filter deta for trandfer to online
processors. It contains ten independent input ports and a common VME output port. The VRB
receives data via gpplication specific trangtion module data links, which are typicdly serid opticd
connections. Buffer management may be provided by the VRB internd logic or by an externd System
Controller through either VME or a dedicated control port.

The VRB can accept input data a an aggregate rate of gpproximately 500 MBytes/sec on ten
(byte-wide) channels. The output rate is limited by VME transfer speeds and by the number of VRB
modules sharing the VME bus. To make optimum use of the module, a Sgnificant trigger rgection
factor between input and output event rates is assumed. The VRB buffer memory may be partitioned
into fixed length buffers of arbitrary Sze or may be programmed to act in a FIFO mode.

Design requirements for the VRB module are based on readout rates specified for the DO and
CDF detector upgrades. For SVX applications, the VRB must input data at the L1 Accept rate (50
KHz), and must output data at the L2 Accept rate (~1 KHz). For some applications, the VRB must
input data at the L2 Accept rate and output data at the samerate. Event size varies with the application,
from ~300 Bytes per channel for SV X to several KBytes per channel for other applications.

Features
* 9U x 400mm “VME”" board.

* Independent external control port (no VME control messages required for buffer
management).

* 8 or 10 data channels

* Input data rate - 400-500 MBytes/sec (50 M Bytes/sec/channel).

* Output datarate - 50 MBytes/sec

* Programmable buffer szes and buffer operating modes.

* Dud-port operation (Smultaneous read and write of event data buffers).

Each VRB receives up to 10 streams of event data from the front-end system and buffers that
data for VME readout to the Leve 3 trigger sysem. The VME connection is shared by dl VRB
modules in a subrack. For a subrack with 10 VRB modules and 50% input link occupancy, thereis an
effective VRB input to output bandwidth ratio of 50:1. This gpproximates the expected SVX L1/L2
accept ratio.  For other gpplications, dower input links or fewer VRBS per subrack may be necessary
to properly baance the dataflow.

A block diagram of the VRB is shown in the following figure:
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VRB Functional Description

Individud functiond blocks are described in this section.

Control Logic

The VRB Control Logic performs three basic functions; receive and process messages from the
System Controller or VME port, return status sgnas to the System Controller, and manage the generd
flow of datato and from the VRB buffers

Messages from the System Controller are received on the P5/6 connector and buffered in a
smal FIFO where they are processed in the order received. Messages consst of one or more bytes,
each byte accompanied by a 4 bit identifier. The messages are application dependent. The Control
Logic will respond to a message by assarting a satus signd, typicaly within 200 nsec.

When the VRB Contral Logic recaeives a message specifying the next input buffer, it looks up
the buffer sarting address in the shared memory, and broadcadts this information to the Recelve Logic
for dl channds. When dl event data is received, the VRB Control Logic will read the individud byte
counts from each Receive Logic block and generate a globa byte count for the event. The globd byte
count is avallable to a VME Scan Processor so that it can perform a single block read operation to
obtain dl data for the event. During output operations, the individua channd byte counts are used by
the VRB Control Logic to initidize a DMA controller that concatenates and transfers data blocks to the
VME output FIFO.

VME Logic

The VME dave interface logic and VRB Control Logic are contained in the same FPGA. The
VME logic is entirely programmable and can support a variety of existing or future VME modes within
the limitation of avallable FPGA resources. VME operation is gpplication dependent (see Application
section).

Pr ocessor

The VRB uses a Motorola 68EC030 processor to initidize on-board programmable logic and
to set the default operating parameters. The processor is not involved directly in the data transfer
operations.

The VRB processor has access to 1 MByte of non-volatile (Fash) memory, arranged in two
banks,

Bank O contains the VRB "operating system” (default processor startup code and default
programmable logic configurations to alow communication with the VRB through VME).

13



Bank 1 contains processor code and programmable logic configurations for al of the individua
goplications.

Both banks may be write protected by on-board switches.

At dartup the VRB will examine the setting of the Application Sdect 3 switch (S3-8). If this
switch is OFF, the VRB will be initidized with default code to dlow generic VME access and
diagnogtics. If the switch is ON, the processor will examine the other Application Sdlect switches and
branch to the corresponding application entry point in Bank 1. The VRB isthen initidized according to
the requirements of the specific application.

Shared Memory

A 16 KByte shared memory (DPM) dlows communication between the Control Logic and
Processor. During initidization the processor copies operating parameters (starting addresses, etc) from
non-volatile memory to shared memory for use by the Control Logic. During processng, the Control
Logic uses the shared memory to store detailed status information and byte counts for each event. The
shared memory is aso used by the processor for loca temporary data storage.  Access to this memory
from VME is arbitrated by the Control Logic.

Input Data Ports

The VRB supports 8 or 10 input channels, each channd receiving a stream of bytewide pardld
data. In addition to the 8 data bits, each channd receives 2 control bits which can be used for start or
end-of-record identifiers, eic. This control information is not stored with the data.

Input FIFOs are used to decouple the link/VRB data streams. The input FIFOs will hold up to
512 bytes per VRB channd. Thisdlows for some skew between the arrival of the first byte of data and
receipt of the control message specifying the VRB buffer for datainput. If the event data exceeds 512
bytes per channel, the control message must be received by the VRB within approximately 6-7
microseconds (512 bytes'53 MBytes sec minus setup overhead) of the start of data transmission or the
input FIFO may overflow.

The following figure illustrates the datapath for asingle VRB channd. The dataisreceived asa
bytewide stream and then expanded to 16 bits a the input of the Receive Logic. Data is stored in
buffer memory in 16 hit increments (with padding to 64 bit boundaries). The buffer memory output isa
common 32 hit bus for al ten channels. Output data is held temporarily in a 32 bit output FIFO and
then transferred to VME in either 32 bit or 64 hit transactions.

14
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Receive Logic

Event data passes through the Receive Logic before it is stored in the VRB buffers. The
Receive Logic program is gpplication dependent. It performs event format verification and can aso be
used for limited data processing (e.g., Gray code conversion).

Event Buffers

The VRB supports a programmable number of event buffers (up to 64). Buffer starting
locations and Szes are dso programmable and are digned on 8 Byte boundariess. The SARAM
memory specified for the VRB provides atota of either 32 or 64 KBytes per input channdl.

The buffer numbers to be used for input and output may be identified by the System Controller
or generated internally by the VRB. To acceerate VME output operations, the VRB calculates a total
byte count for each of the stored events. A VME master determines how much data to transfer by
reading the total byte count, and then performing a block read from the output data FIFO port. Data
from al enabled VRB buffersis automaticaly concatenated into one VME block.
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Output Data FIFO

The VRB includes a 16 KByte output data FIFO to decouple the event buffer memory from
VME. Events may be pipelined in this output FIFO, dlowing rdease of the SCAN BUSY sgnd in
synchronized applications as soon as the event has been copied to the FIFO (without waiting for
completion of the VME trandfer).

Monitor FIFO

The VRB providesa4 K X 16 bit Monitor FIFO which dlows sampling of event data from a
sgngle VRB input channd (for diagnosgtics or datistical evauation). The information can then be sent to
the VRB Auxiliary Port (or to VME accessible buffers). The Auxiliary Port consists of a control FPGA
and mezzanine connectors for a dud width "Industry Pack or user-defined mezzanine card. Inthe DO
SV X gpplication, this mezzanine card will likely hold a 1394 serid interface. In other applicationsit may
be used as an Ethernet interface. Monitor FIFO data may be transferred to the Auxiliary Port at a
relatively high rate (usng DMA logic in the FPGA). Normd reads and writes to this port from the
processor will be dower.

A monitor event is sdected by writing a VRB channel number to the Monitor Channd regigter.
The Control Logic will pall thisinformation when initidizing the Receive Logic at the sart of each event
readout. At the completion of event readout, the Control Logic copies the byte counts for al channels
to the shared memory, and sets the Monitor Channel register to a specified vaue to indicate that the
requested event data is available. The Monitor FIFO may be enabled at any time, but does not begin
recording data until the start of the next event readoLt.

The monitoring system interface is intended to provide an auxiliary control and diagnostics port
which is independent of the VME bus. This minimizesinterference with VME data tranfers for sysems
that support this interface. All communication with the VRB through this port is handled by the VRB
processor.

System Controller Interface

A System Contraller is not required for VRB operation, but it will improve performance in most
goplications by removing contral traffic from the VME bus during data acquistion. It dso dlows a
centralized interface to the trigger system o that event data can be read from the VRB in the correct
order without knowing the VRB buffer number associated with each event.

The pinout for the System Controller Interface on the VRB PS/6 connector is provided in the
following table (pins designated “tm” are feedthroughs used by the trangtion module input deta links);

PIN ROW A ROW B ROW C ROW D ROW E
1 tm tm msy0 tm tm
2 tm tm msyl tm tm
3 tm tm msy2 tm tm
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4 tm tm msy3 tm tm
5 tm tm ms4 tm tm
6 tm tm M5 tm tm
7 tm tm msy6 tm tm
te] tm tm msy7/ tm tm
9 tm tm my8 tm tm
10 tm tm msy9 tm tm
11 tm tm msgyl10 tm tm
12 tm tm msgll tm tm
13 tm tm msg_strobe tm tm
14 tm tm statusD tm tm
15 tm tm Statusl tm tm
16 tm tm Status? tm tm
17 tm tm Status3 tm tm
18 tm tm Status4 tm tm
19 tm tm Statusb tm tm
20 tm tm Statusb tm tm
21 tm tm Status/ tm tm
22 tm tm Status8 tm tm
23 tm tm Status9 tm tm
24 tm tm reserved tm tm
25 tm tm reserved tm tm
26 tm tm GND tm tm
27 tm tm reserved tm tm
28 tm tm reserved tm tm
29 tm tm GND tm tm
30 tm tm reserved tm tm
31 tm tm reserved tm tm
32 tm tm GND tm tm
33 tm tm tm tm
34 tm tm tm tm
35 tm tm tm tm
36 tm tm tm tm tm
37 tm tm tm tm tm
38 tm tm tm tm tm
39 tm tm tm tm tm
40 tm tm tm tm tm
41 tm tm tm tm
42 tm tm tm tm
43 tm tm tm tm
44 tm tm tm tm
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45 tm tm tm tm tm
46 tm tm tm tm tm
47 tm tm tm tm tm

The MSG and STATUS bus are AC terminated. Pullups for the open collector STATUS bus
are on the System Controller module.

The message data (MSG[11:0]) is written into the VRB message FIFO on the rising edge of the
MSG_STROBE sgnd. Message data should be valid for at least 15 ns (setup time) before the strobe.

Program Memory

The Flash memory is not directly accessble through VME, but may be updated by the on
board processor in response to requests from VME.

The flash memory is arranged in two banks. The firgt bank (bank 0) contains startup code which is
generic to al applications. The second bank (bank 1) contains up to 8 gpplications. Each bank can be
individualy write protected.

Pr ocessor

The 68EC030 code is written in C. FPGA data files are linked into the C code as const
segments.

FPGAs

The Control Logic, Recelve Logic and Auxiliary Port FPGAs are Altera 8000 series
components. The Processor control, Processor 1/0 port and Input Port control PLDs are Altera
7064s. All devices are programmed usng the Altera MAX PLUS+ development syssem. The
PLD/FPGA code iswritten in AHDL, compiled and the resulting Altera “ ttf” files are then merged with
the 60EC030 code.

The following device types are used for programmable logic;

Control Logic EPF81188A
Recaive Logic EPF8820A
Auxiliary Port EPF8820A
Processor Control EPM 7064

18



Processor 1/0 EPM7064
Input Port Control EPM 7064

Diagnostic I nterface

A smple 9600 Baud, RS232 compatible termind port is present on the front pand of the VRB.
This port is driven directly by the processor, usng a software emulation of a UART. It is used to
display configuration information aong with any startup error conditions detectable by the processor.
Information will be displayed only if the Diagnostic Port Disable switch (S3-3) is OFF.

Panel Indicators
The VRB has four front panel LED indicators.

Power LED:

ON Normal operation

OFF No module power
Processor LED:

ON Normal operation

OFF VRB hasfaled to initidize

Blinking Application dependent
VME Access LED:

ON VME access

Controller Access LED:
ON System Controller access

Blinking Application dependent

VRB Clock Generator

The VRB is normaly clocked by a 50 MHz locd oscillator. Most of the ontboard logic
operates at 25 MHz. Thereis a software option to drive al VRB logic, other than the processor, from
aprocessor generated clock (single-step).

Auxiliary Port

19



TBD

Test Ports

The VRB printed circuit board layout provides a number of individud diagnogtic test points
digtributed across the module. These are identified in the following illugtration:

TBD

There are aso six groups of test points arranged for smple connection to HP logic analyzer
probes. The following signds are availadle in these groups.

Probe J16 J17 J18 J19 J20 J21
Chan #

DO PA16 GND PD16 RA1 CDO | GND
D1 PA17 PA1 PD17 RA2 CDl1 | CA1l
D2 PA18 PA2 PD18 RA3 CDh2 | CA2
D3 PA19 PA3 PD19 RA4 CD3 | CA3
D4 PA20 PA4 PD20 RAS CD4 | CA4
D5 PA21 PAS PD21 PAS* CD5 | CA5
D6 PA22 PAG6 PD22 PDS* CD6 | CA6
D7 PA23 PA7 PD23 PRD CD7 | CA7Y
D8 PA24 PA8 PD24 PDSACK* | CD8 | CAS8
D9 PA25 PA9 PD25 PInt 1* CD9 | CA9
D10 PA26 PA10 PD26 PInt 2* CD10 | CA10
D11 PA27 PA11 pPD27 DPM RD CD11 | CA11
D12 Flash O* PA12 PD28 Monitor* CD12 | CA12
D13 DPM* PA13 PD29 IPA ack CD13 | CA13
D14 Aux port* | PAl14 PD30 CRD CD14 | nlc
D15 1/O port* PA15 PD31 25 MHz CD15 | nc

20



CLK1 25 MHz 25MHz | 25MHz | 25 MHz

n/c

25 MHz

Pxx = Processor Bus
Rxx = Receive Logic Address Bus
Cxx = Control Bus

Development Software

Applications required for software/firmware development:

AlteraMAX PLUSH |l development system

Crossware Products 680x0 C Compiler (requires a pardld port key)

Altera Devel opment:

All Alteracodeisin AHDL andislocated in the directory "vrb fpga'. Thereis a separate
subdirectory for each PLD/FPGA and application verson. Altera".tdf" files are compiled by
the MAX PLUSH Il software to generate " ttf" object files. The latest versions of the " ttf"
filesfor dl Alteradevices are autometicaly combined with the VRB processor embedded
program ( via#include statements and C const data arrays) whenever the VRB C source

code is recompiled.

Embedded C Code:

C code development uses the Crossware Products embedded C compiler. The VRB C

source code isin the directory "vrb_sw".

VRB Programming using External Programmer

The output of the compiler isan S-record file (“vrb.hex") which may be used to program the

flash memory viathe Logical Devices AllPro or Smilar programmer.

To program the low bank of flash memory using the AllPro;

1) turnthe AllPro programmer Off and On,

wait for it to boot (it must be rebooted each time it is used)
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2) doubleclick the AllPro application on the PC
3) "boot from host" by pressng the "UP" button on the AllPro programmer,
then pressthe "Enter" button on the AllPro programmer,
wait for the host boot to complete
4) fromthe"Deviceg' Menu, choose "Select /F6"
5) s the"Manufecturer” to ATMEL,
st the "Type" to EEPROM,
set the "Package” to PLCC,
click the down arrow in the device select lit, scroll down and sdlect "AT29C020"
click OK
6) inthe"Device Memoary options" window,
set "Devicesin Set:" to 2, click OK
7) dlick the"DnLoad" button in the main window
8) inthe"Fle DnLoad" window, choose the "Motorola Hex" file formét,
locate the vrb.hex file, sdlect the file and click OK
9) inthe"PROM Options’ window,
inthe"Fle Address' section, set the "Word size" to 16 and click OK,
wait ~10 minutes for file download
10) insart thefirg flash memory chip as shown on the programmer
11) if necessary, click onthe"<" button under "Data Set: 1/2" to sdlect set 1 of 2
12) dick onthe"Prog." button in the main window, wait for programming to complete
13) removethe firg chip and insert the second flash memory chip
14) click onthe">" button under "Data Set: 1/2" to sdlect set 2 of 2
15) dick onthe"Prog." Button in the man window,
wait for programming to complete

16) remove the second chip

The high bank of flash memory may aso be programmed using the AllPro programmer. Al
seps areidentica to those listed above, except in step 9,in the "File Address' section, set "Start:” to
1000000.

The chips are placed on the VRB with the first chip on the left and the second chip on the right
for each bank. Bank O isthe lower set of flash memory chips. Bank 1 is the upper st.
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Transtion Modules

The VRB usestrangtion modules for the input data interface and System Controller interface.

The input data link trandtion module dlows use of gpplication specific link protocols.
Trandtion modules with G-Link and TAXI optica receivers are currently available.

The System ontroller trangtion module dlows operation of multiple VRB subracks from a
gngle controller. Alternatively, a separate System Controller can reside in each VRB subrack or the
VRB can be operated without an externa controller.

VRB Fanout (System Controller Transition Module)

The VRB Fanout (VFO) is a front mounted transition module which connects a System
Controller in the same VRB subrack or in a different subrack to the VRB modules. This connection is
made using front pane ribbon cable between the System Controller and the VFO. The VFO then
repedats the sgnals on a specid J5/6 backplane in the VRB subracks.

The VFO resdes in dot 14 of a VRB subrack and trandates low voltage differentid signas
(LVDS) on the cable to TTL signds on the J5/6 backplane. There are two groups of signals; a control
bus which is used by the Systern Controller to send commands to the VRBS, and a status bus used by
the VRBs to sgnd completion of event processing and various error conditions.

The VFO is designed to dlow use of a sngle Sysem Controller with multiple VRB subracks.
In applications where a separate controller is used in each VRB subrack, the VRB Fanout Module is
not required.

The pinout for the VRB Fanout J5/6 (dot 14) connection is provided in the following table.

PINNUMBER |ROW A [ROW B ROW C ROW D ROW E

OO [WIN|[F
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7 msg6
te] msy7/

9 msg8
10 M9
11 msgyl10
12 msgll
13 msg_strobe
14 Status)
15 Statusl
16 Status?
17 Status3
18 Statusd
19 Statusb
20 Statuso
21 Status’
22 Status8
23 StatusO
24 reserved
25 reserved
26 GND
27 GND
28 GND
29 GND
30 GND
31 GND
32 +5V
33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7
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The following sgnals appear on the front-pand connectors as LVDS levels. Pin assgnments for
the front-panel connector are listed in the following table. Both ribbon cable connectors use the same
pin assgnment. All Sgnds are point-to-point and are terminated on the recelving end at each Fanout
module or System Controller. A ribbon cable connects the System Controller to the top connector of
the firsa VRB Fanout module. Each additiond VRB Fanout module is linked with a separate ribbon
cable from the bottom connector of the previous VRB Fanout module to the top connector of the next
VRB Fanout. Status signals are inverted in the VRB Fanout (low true on the backplane, high true on
the cable).

PIN NUMBER SIGNAL
1 MSGO-

2 MSGO+
3 MSG1-

4 MSG1+
5 MSG2-

6 MSG2+
7 MSG3-
te] MSG3+
9 MSG4-
10 M SG4+
11 MSG5-
12 MSG5+
13 MSG6-
14 MSG6+
15 MSG7-
16 MSG7+
17 M SG8-
18 MSG8+
19 MSGO-
20 MSGO+
21 MSG10-
22 MSG10+
23 MSG11-
24 MSG11+
25 STROBE-
26 STROBE+
27 STATO-
28 STATO+
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29 STAT1-
30 STAT1+
31 STAT2-
32 STAT2+
33 STAT3-
34 STAT3+
35 STAT4-
36 STAT4+
37 STATS-
38 STAT5+
39 STAT6-
40 STAT6+
41 STAT7-
42 STAT7+
43 STATS-
44 STATS8+
45 STATO-
46 STAT9+
rivg GND

48 GND

49 GND

50 GND

The Fanout repeater circuit is shown in the following figure.  All dgnds are point-to-point,
terminated LVDS.

Locd Locd
Status Message

Top Connector Bottom Connector

STATX+ __
STATx+

STATx- _| (
M STATX-

MSGx+ I# _ MSGx+
M SGx- Ij:l [E M SGx-
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The VRB Fanout also provides a set of HP logic andyzer compatible connectors for monitoring
the state of VME bus signds. The module does not otherwise connect to or use VME.

G-Link Trandgtion Module

The G-Link trangtion module holds four Finisar optical receivers and four HP G-Link decoders
which may operatein either 16 or 20 bit modes.

In 16 bit mode, two data streams are encoded on each G-Link fiber to provide atotd of eight
bytewide virtua links. In this mode, two of the ten VRB data channels are not used. No control inputs
are available (control information is embedded in the data stream). Thisisthe DO SV X default mode.

In 20 bit mode, two and a half data streams are encoded on each G-Link fiber to provide a
totd of ten bytewide virtud links. All ten VRB data channds are used. No control inputs are available
(control information is embedded in the data stream). Thisisthe CDF SV X default mode.

The GLink trandgtion module may aso be operated in 20 bit mode to provide eight bytewide
data channels, each with 2 bits of control input for goplications where the control information cannot be
embedded in the data stream.  In this mode, two of the ten VRB channels would again not be used. This
isthe DO Trigger default mode.

Each virtud link operates at gpproximately 53 MBytes/sec in the SV X gpplications. Virtud links
sharing the same physical G-Link fiber operate independently, but there is some interaction which must
be consdered in the Receive Logic.

The P5/6 connector pin definitions for a GLink trangtion module are ligted in the following
table (pins designated “sc” are reserved for System Controller sgnas on the backplane).

PIN ROW A ROW B ROW C |ROW D ROW E
1 LO DO GND s GND L2 DO
2 L0 D1 LO D2 = L2 D2 L2 D1
3 GND LO D3 = L2 D3 GND

4 LO D5 LO D4 s L2 D4 L2 D5
5 LO D6 GND = GND L2 D6
6 LO D7 LO D8 s L2 D8 L2 D7
7 GND LO D9 = L2 D9 GND

8 L0 D11 LO D10 s L2 D10 L2 D11
o LO D12 GND s GND L2 D12
10 L0 D13 L0 D14 = L2 D14 L2 D13
11 GND L0 D15 = L2 D15 GND
12 L0 D16 LO D16 s L2 D16 L2 D16
13 L0 D17 GND = GND L2 D17
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14 L0 D17 LO D18 = L2 D18 L2 D17

15 GND LO D18 s L2 D18 GND

16 LO D19 LO D19 = L2 D19 L2 D19

17 LO CAV* GND = GND L2 CAV*
18 LO DAV* LO LNKRDY* |sc L2 LNKRDY* |L2 DAV*
19 GND LO LNKRDY* |sc L2 LNKRDY* |GND

20 LO STRBOUT  |GND s GND L2 STRBOUT
21 L0 SIG DETECT |LO ERROR  |sc L2 ERROR L2 SIG_DETECT
22 GND LO ERROR ¢ L2 ERROR  |GND

23 GND GND s GND GND

24 GND GND = GND GND

25 GND GND C GND GND

26 L1 CAV* GND = GND L3 CAV*
7 L1 DAV* L1 LNKRDY* |sc L3 LNKRDY* |L3 DAV*
28 GND L1 LNKRDY* |sc L3 LNKRDY* |GND

29 L1 STRBOUT  |GND = GND L3 STRBOUT
30 L1 SIG DETECT |L1 ERROR ¢ L3 ERROR  |L3 SIG DETECT
31 GND L1 ERROR  |sc L3 ERROR  |GND

32 L1 DO GND s GND L3 DO

33 L1 D1 L1 D2 L3 D2 L3 D1

34 GND L1 D3 L3 D3 GND

35 L1 D5 L1 D4 L3 D4 L3 D5

36 L1 D6 GND GND  |GND L3 D6

37 L1 D7 L1 D8 GND  |L3 D8 L3 D7

38 GND L1 D9 GND  |L3 D9 GND

39 L1 D11 L1 D10 GND  |L3 D10 L3 D11

40 L1 D12 GND GND  |GND L3 D12

41 L1 D13 L1 D14 L3 D14 L3 D13

42 GND L1 D15 L3 D15 GND

43 L1 D16 L1 D16 L3 D16 L3 D16

44 L1 D17 GND GND L3 D17

45 L1 D17 L1 D18 SERIAL |L3 D18 L3 D17

46 GND L1 D18 RESET* |L3 D18 GND

47 L1 D19 L1 D19 MODID |L3 D19 L3 D19

The MODID (module ID) pinisleft unconnected to identify a G-Link trangtion module.

The data links are configured in Smplex mode with a system supplied feedback path that
informs the G link transmitters of the synchronization sate of the Glink receivers. If SYNC_ERROR
is asserted by the VRB, the System Controller sends a message to the data sources requesting
transmisson of fill frames. The System Controller then waits until SYNC_ERROR is deasserted. In
some cases it may be necessary to reset the VRB to force G-Link recaiver synchronization.
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Detals of the VRB G-Link Trangtion module (VTM) design are found in a separate document.

TAXI Link Transtion Module

The TAXI trangtion module holds ten AMP opticd receivers and ten AMD TAXI decoders.
In addition there are ten optica trangmitters for returning “busy” sgnds to the data sources. The
receivers normaly operate in 10 bit mode. This provides ten bytewide connections, each with 2 hits of
control information. Thisisthe CDF DAQ default mode.

Each link operates at approximately 15 Mbytes/sec.

PS/6 connector pin definitions for a TAXI trangtion module are listed in the following table (pins
designated “sc” are reserved for System Controller signds on the backplane.....a System Controller is
currently used only in SV X applications);
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PIN ROW A ROW B ROW C ROW D ROW E
1 LO DO GND = GND L4 DO

2 LO D1 LO D2 s L4 D2 L4 D1

3 GND LO D3 = L4 D3 GND

4 LO D5 LO D4 s L4 D4 L4 D5

5 LO D6 GND s GND L4 D6

6 LO D7 L1 DO = L5 DO L4 D7

7 GND L1 D1 s L5 D1 GND

8 L1 D3 L1 D2 = L5 D2 L5 D3

o L1 D4 GND = GND L5 D4

10 L1 D5 L1 D6 s L5 D6 L5 D5

11 GND L1 D7 = L5 D7 GND

12 LO D8 L8 DO s L9 DO L4 DS

13 LO D9 GND s GND L4 D9

14 L8 D1 L1 D8 = L5 D8 L9 D1

15 GND L8 D2 = L9 D2 GND

16 L1 D9 L8 D3 s L9 D3 L5 D9

17 LO DSTRB  |GND = GND L4 DSTRB
18 L1 DSTRB  |LO BUSY  |sc L4 BUSY  |L5 DSTRB
19 GND L1 BUSY  |sc L5 BUSY  |GND

20 LO CLOCK |GND s GND L4 CLOCK
21 L1 CLOCK |LOVLTN  |sc L4 VLTN L5 CLOCK
22 GND LLVLTN  |sc L5 VLTN  |GND

23 L8 CLOCK |GND = GND L9 CLOCK
24 L8 DSTRB L8 VLTN st L9 VLTN L9 DSTRB




25 GND L8 BUSY s L9 BUSY  |GND

26 L2 DSTRB  |GND s GND L6 DSTRB
7 L3 DSTRB  |L2 BUSY  |sc L6 BUSY  |L7 DSTRB
28 GND L3 BUSY  |sc L7 BUSY  |GND

29 L2 CLOCK |GND = GND L6_CLOCK
30 L3 CLOCK [L2VLTN |sc L6 VLTN L7 CLOCK
31 GND L3VLTN  |sc L7 VLTN  |GND

32 L2 DO GND = GND L6 DO

33 L2 D1 L2 D2 L6 D2 L6 D1

34 GND L2 D3 L6 D3 GND

35 L2 D5 L2 D4 L6 D4 L6 D5

36 L2 D6 GND L8 D8 GND L6 D6

37 L2 D7 L3 DO L8 D9 L7 DO L6 D7

38 GND L3 D1 GND L7 D1 GND

39 L3 D3 L3 D2 L9 D8 L7 D2 L7 D3

40 L3 D4 GND L9 D9 GND L7 D4

41 L3 D5 L3 D6 L7 D6 L7 D5

42 GND L3 D7 L7 D7 GND

43 L8 D4 L2 D8 L6 DS L9 D4

44 L2 D9 GND GND L6 D9

45 L8 D5 L3 D8 (reserved) L7 D8 L9 D5

46 GND L8 D6 RESET* L9 D6 GND

47 L3 D9 L8 D7 MODID L9 D7 L7 D9

Electrical & Mechanical Specifications

Packaging

The VRB isa9U x 400mm VME module. The printed circuit board is FR4 with a thickness of
gpproximately .092". The top and bottom card edges are milled to .063". The board is 10 layerswith

nomina 50 ohm controlled impedance.

Power and Fusing
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The MODID pinispulled low to identify a TAXI trangtion module.

Details of the TAXI Trangtion module design are found in a separate document.

The VRB Fanout (VFO) is a 9U x 400mm module. It connects to the VME backplane for
power only. The board is made of FR4 with a thickness of .092". Top and bottom card edges are
milled to .063".




VRB power consumption varies from 15 watts (idle date) to approximately 40 watts
(operating). The module requires only +5 volt DC power, which is supplied on 12 connector pins (3in
P1, 3in P2 and 6 in PO). The pins are derated to 1.5A each, for atota current capacity of 18A. The
moduleisfused a 10A (single picofuse). It dso containsa Genera Semiconductor 5SKPS.0A trangent
suppressor (5000 wett, 6.4 volt trip) on the load side of the fuse.

VTM power consumption is gpproximately 20 watts. This module requires only +5 volt DC
power, which is supplied on 6 connector pins (all in PO). The pins are derated to 1.5A each, for atotd
current capacity of 9A. The module is fused a 5A (Sngle picofuse). It adso contains a IN5908
trangent suppressor (1500 watt, 6.2 volt trip) on the load sde of the fuse.

VFO power consumption is gpproximately 10 watts. This module requires only +5 volt DC
power, which is supplied on 3 connector pins (all in P1). The pins are derated to 1.5A each, for atotd
current capacity of 4.5A. The module is fused a 2A (dngle picofuse). It aso contains a 1IN5908
transent suppressor (1500 watt, 6.2 volt trip) on the load side of the fuse.
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Application 0 (DO SVX)

In DO SV X mode, the VRB acts as a buffer for data pending aLeve 2 trigger decison. Buffer
management is provided by a controller (the VRBC) which resdesin dot 14 of eech VME subrack. A
subrack may contain up to 12 VRB modules. Each VRB receives data from four detector layers viathe
“SVX Sequencer” and G-Link "VTM".

The VRB dartup application and some programming/diagnostic features are controlled by
switch bank S3;

S3-1 and S3-2 are write protect switches for the VRB flash memory. These may normally be
left OFF (not write protected) to enable in-system updates of the VRB firmware and software. Since
the VRB software does not dlow flash write cycles when in DO SVX mode, there is generdly no
danger of accidentdly overwriting the flash memory.

Switch S3-3 disables the RS-232 termind diagnostic port. This port outputs informetion a
VRB dartup/reset and during some error conditions. If there is no termina connected, this switch should
be ON (disabled), since the VRB takes longer to recognize and execute a reset command when it is
digplaying diagnostic messages.

Switch S3-4 disables the remote mode change feature. When enabled (switch OFF), the VRB
can be remotely rebooted into a mode other than DO SVX. This is necessary for remote
reprogramnming.

Switches S3-5 through S3-8 are used to select the VRB dartup application. Application select
switch settings for DO SV X mode are asfollows;

S3-8 S3-7 S3-6 S3-5
DO SVX ON ON ON ON
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OFF ON
Normal S3 settings 11 flash bank O write protect
211 flash bank 1 write protect
for DO SVX mode 3] diagnostic port disable
AT remote mode change disable
5T 1 application select 0
611 application select 1
vd — application select 2
Y —— application select 3

The chip locations in red are not populated on the DO version of the VRB. Readout channd ordering is
as shown.
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DO SVX VRB

Control of the VRB modules is provided by the VRBC. Following a Level 1 Accept, the
VRBC Supplies the VRB with a buffer number for datainput. Following aLevel 2 Accept, the VRBC
supplies the VRB with a buffer number for data output to VME.

SVX event data is logically organized by words (2 bytes). The first bytes of each data stream
contain a header inserted by the front-end eectronics to identify the data source (7). Thisisfollowed by
ablock of data from each SVX IC containing the chip 1D, status and up to 128 channel #/data pairs.
The record is terminated by an even number of end-of-record characters;

Sequencer ID
Seguencer Status
Chip 1D
00
Channd #
Data
Channd #
Data

ChipID
Status
Channd #
Data

EOR
EOR

Because the data streams in each link are independent, the transferred number of bytes can be
different and two streams sharing the same link are required to provide separate End-of-record (EOR)
ggnds. The VRB input FIFO will accept data from a Glink while the GLink Data Vaid sgnd is
asserted. The Receive Logic will process the data until it recognizes an EOR character (any character
with a high byte containing a value of “C0"). It will then discard deta until the input FIFO is empty.
When dl the channds tranamitting data to a VRB are done, the VRB will inform the VRBC. This is
accomplished by redeasng the READOUT BUSY* dgnd on the JX/6 backplane
READOUT _BUSY* is an open collector signd that can be driven low by any of the VRBs in the
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subrack. The event readout at the subrack leve isfinished when dl VRBs have released thisline. When
readout is complete, it takes a few microseconds to save the event byte count and status information
before the VRB releases it sSREADOUT _BUSY* sgnd and the event is available for scan.

The beginning of data input is initiated by the VRBC when it sends a READOUT BUFFER
NUMBER message to the VRB. Any data received before the READOUT BUFFER NUMBER
message will be held in the input FIFOs (up to the 512 byte limit).

Data received on each link is stored in the buffer pointed to by the Readout Buffer Number
supplied by the VRBC.

Events that are accepted by the Level 2 trigger are copied to the VME output data FIFO (the
VRBC supplies the SCAN BUFFER number). For events rgjected by the Leve 2 trigger, the VRBC
amply re-uses the buffer number, causing the previous event data to be overwritten.

In this gpplication, the G-links are used in 16 bit mode and each transfer packs data from two
SVX HDIs. A totd of eight HDI channdls are supported. Each channd of Recelve Logic processes 8
bits of data.

VRBC Interface
Messages received from the VRBC include the following;

* Messagetypel: READOUT BUFFER NUMBER.....received after a Level 1
Accept to desgnate the next buffer number for VRB inpt.
* Messagetype 2: (not used)

* Messagetype3:  BUNCH CROSSING NUMBER.....received after a Level 1
Accept and used to check consistency with valuesin the data stream.

* Messagetyped: SCAN BUFFER NUMBER....received after a Leve 2
Accept to designate the next buffer number for VRB outpui.

* Messagetype5:  EVENT NUMBER.....recelved after a Level 2 Accept and
inserted into the output event record to label the Leve 2 event.

* Message type 6-12: (not used)....available for expanson.

 Messagetype13: CLEAR ERRORS.....clear any error signals on the status bus
and gtatus registers without resetting the VRB.

* Messagetype14: RESET/RESTART....a "reset” command causes reset of the
input FIFOs and resynchronization of the Recelve Logic to the start of the next event.
RESET is necessary when changing VRB channd enable or emulaion mode regigers. A
“restart” command reininitidizes the entire VRB, including download of FPGAS.

The 12 bit message is interpreted as a four bit fidd (11:8) identifying the message type and an
eight bit field (7:0) containing the message vaue.
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The VRB drives the following status sgnds on the J5/6 backplane. These Sgnds are active low
(open collector TTL). The status signas returned to the VRBC are the OR of dl VRB modulesin the
subrack and should be synchronized at the Controller:

* READOUT_BUSY* (¢tat0): Indicates that al data from the current input event has been
received. READOUT_BUSY* is driven low when a READOUT BUFFER NUMBER
message is received by the VRB and is released when dl active channels on the VRB have
receved the event data Note: this protocol does not dlow pipeining of READOUT
BUFFER NUMBER messages....the VRBC mugst wait untii READOUT_BUSY* is high
before sending the next READOUT BUFFER NUMBER message.

* SCAN_BUSY* (statl): Indicates that al data from the current output event has
been read from the VRB. SCAN_BUSY* isdriven low when a SCAN BUFFER NUMBER
message is recaived by the VRB and is released when dl data for that event has been read
from the VRB Output FIFO viaVME. Note: this protocol does not alow pipdining of SCAN
BUFFER NUMBER messages....the VRBC mugt wait until SCAN_BUSY* is high before
sending the next SCAN BUFFER NUMBER message.

* SYNC_ERROR* (¢tat2): Indicates that a G-Link synchronization error was
detected on adata link connected to an active channdl. This Signa remains asserted only while
the sync error exists.

o (stat7-3) (reserved for error status signals):

* SCAN_READY (dat8): Indicates that data from the current output event is
being copied to the output FIFO and may be read by the VBD. SCAN_READY is driven
low when a SCAN BUFFER NUMBER message is received by the VRB and returns high
when the event header has been written to the output FIFO.

o (dat9) (reserved):

Output Data Format
The following header information is added to each DO SV X event:

31 24 23 16 15 8 7 0
total byte count

User Info Modul e |1 D event nunber

(see "User Info" VME register) (sl ot number)

Fi rmvar e Versi on Nunber Configuration Info
(date code) bit 0 = gray decodi ng enabl ed

bit 1 = Trigger node (always
0 for SVX record)
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Status Word (TBD, currently all zeros)
channel 0 byte count channel 1 byte count
channel 2 byte count channel 3 byte count
channel 4 byte count channel 5 byte count
channel 6 byte count channel 7 byte count

The VBD reads the VRB scan byte count or scan word count register and then performs a
block transfer from the VRB output FIFO. The scan byte count register contains the byte count of the
last event for which a SCAN BUFFER NUMBER message was processed.

Scan Processing

A typica scan operation is atwo step process,

1) read the “scan byte count” register (this value should be the same as the “total byte count”
which appearsin the first header word of the event)

2) use the “scan byte count” to read the event from the Output data FIFO (using VME block
transfer mode)

The event header is 32 bytes long and the data from each channel is padded to an eight byte
boundary. The “scan byte count” includes al header, data and padding.

The byte count for each individua channd represents only the actud data for that channd (it
does not include any padding bytes at the end of the channd’s data). To find the start of the next
channd’s data, round the byte count for the previous channd to the next eight byte boundary.

Because the scan byte count register is smply a copy of the total byte count gppearing in the
first heeder word of the event, the first word of the event heeder can dso be used to determine the size
of the block transfer. The block transfer would then be 4 bytes smaler since the first header word has
aready been read. The advantage of this gpproach is that event scans can be pipelined to diminate the
scan command processing overhead of the first VRB. If the scan byte count register is used, the scans
must be sequentia to avoid overwriting the register.

Restart Operation

A VRB regtart is generated under the following conditions;
1) power ON

2) front panel restart button

3) VME SYSRESET sgnd
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4) expiration of the VRB processor watchdog timer (if enabled)
5) aVME or VRBC remote restart command (if enabled)

"Restart” causes the VRB processor to reset which in turn rdoads dl FPGA programs for the
selected gpplication. The processor reinitializes shared memory parameters and clears the input and
output data FIFOs. The restart process takes severa seconds to download FPGA code. Completion
of restart isindicated by the front panel Processor LED.

The VRB will aso respond to various reset commands which can be transmitted by the VRBC
or through VME (VRB Resat/Restart register). These commands are only recognized if the processor

and VME interface FPGA programs are functioning correctly.

VME Addressing
The DO SVX gpplication uses ether A24 or A32 addressng with the following address

modifiers,

0x39 or 0x3D (A24 single word accesses)

O0x3B or Ox3F (A24:D32 block transfers)
0x38 or 0x3C (A24:D64 block transfers)

0x09 or 0xOD (A32 single word accesses)

OxOB or OxOF (A32:D32 block transfers)

0X08 or 0x0C (A32:D64 block transfers)

The only VRB address that responds to block transfersis the output data FI FO.
To conserve FPGA resources, D8 transfers are not currently implemented (as required by the

VME standard).

The base address is determined by a combination of subrack geographica address (GA4:0)
and address sdlect switches. This address decoding scheme is a result of backward competibility

requirements in the DO system.

Address A 24 Decoding IA32 Decoding
A31 X X
A30 X X
A29 X X
A28 X X
A27 X X
A26 X X
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A25 X X

A24 X X

A23 address switch S1-8 address switch S1-8
A22 address switch S1-7 address switch S1-7
A21 address switch S1-6 address switch S1-6
A20 GA4 GA4

A19 GA3 GA3

A18 GA2 GA2

A17 GA1l GAl

A16 GAO GAO

Switch bank S1 determines the high order bits of the module base address (ON = 0, OFF =
1). The DO SVX application uses only three of these switches (S1-6,7,8). The postion of switches
S1-1,2,34,5 are"don't care”’. Switch bank S2 provides a means of setting the geographical address if
geographica addressing is not supported by the subrack backplane (ON = 0, OFF = 1). For a
standard VIPA backplane, these switches should al be OFF.

S1 S2

'r|
T
©)
=z
o
T
©)
=z

/T /module address 0
| — /module address 1
/1] /module address 2
/module address 3
 — /module address 4
 — /module address 5
 — /module address 6
| —— /module address 7

I E— /IGAO
I — /IGA1
I I IGA2
/IGA3
CIT—1 /IGA4
CI— IGAP

o~NoouohN~NwN RO
o~No U~ wWN RO

All registers, except the Output data FIFO, are accessed usng D16 single word transfers. The
Output data FIFO is accessed using D32 or D64 block transfers. Addresses not listed are reserved.
Regigers that are written by the VRB and should be considered "read-only" for VME access are
indicated by *.

VME Address (hex) Function

00000000 *VRB ID

00000002 * Configuration Setting
00000004 * Date code
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00000006 *Module serid number

00000008 *Module type

0000000C * Reset Code

0000000E User Info

00000010 * Output data FIFO (nor+pipelined mode) [d16 (upper haf of 32 bit
word), d32, BLT]

00000012 * Output data FIFO (non-pipdined mode) [d16 (lower hdf of 32 bit
word)

00000018 * Output data FIFO (pipelined mode) [BLT, MBLT]

00000022 Reedout buffer number

00000026 Readout bunch crossng number

00000028 Scan buffer number

0000002A Scan event number

00000030 * Scan byte count

00000032 * Scan word count

00000034 * Scan longword count

00000038 * Current status

0000003A Latched status (clear status)

0000003C VRB reset/restart

00000040 \VRB control

00000042 VTM control

00000044 *Monitor status

00000046 *Monitor count

00000048 Monitor channel

0000004A Monitor control

0000004C * SV X header 1 (hisogram mode)

0000004E * SV X header 2 (histogram mode)

00000050 * Chip 0 ID/gtatus (histogram mode)

00000052 *Chip 1 ID/gtatus (histogram mode)

00000054 *Chip 2 ID/gtatus (histogram mode)

00000056 *Chip 3 ID/dtatus (histogram mode)

00000058 *Chip 4 1D/gtatus (histogram mode)

0000005A *Chip 5 ID/gtatus (histogram mode)

0000005C *Chip 6 ID/gatus (histogram mode)

0000005E * Chip 7 1D/gtatus (histogram mode)

00000060 * Chip 8 ID/gtatus (histogram mode)

00000062 *Chip 9 ID/gatus (histogram mode)

00000064 *Chip 10 ID/dtatus (histogram mode)

00000066 *Chip 11 ID/gtatus (histogram mode)

00000068 *Chip 12 I D/status (histogram mode)

0000006A *Chip 13 ID/dtatus (histogram mode)
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0000006C * Chip 14 1D/gatus (histogram mode)
0000006E *Chip 15 ID/gtatus (histogram mode)
00000070 Channd encble

00000072 Emulation mode engble

00000076 Gray code enable

00000078 *VTM link O power

0000007A *VTM link 1 power

0000007C *VTM link 2 power

0000007E *VTM link 3 power

00000080-0000008E

* Channel control words (channel 0-7)

000000A 0-000000AE

Channd status enables (channd 0-7)

00000300-0000037E Buffer Start Address (buffer 0-63)
00000380-000003FE Buffer Size (buffer 0-63)
00000800-00001FFE *Monitor data/histogram buffer

00002000-0000207E

* Channd 0 byte counts (buffer 0-63)

00002080-000020FE

* Channd 1 byte counts (buffer 0-63)

00002100-0000217E

* Channd 2 byte counts (buffer 0-63)

00002180-000021FE

*Channe 3 byte counts (buffer 0-63)

00002200-0000227E

* Channd 4 byte counts (buffer 0-63)

00002280-000022FE

*Channd 5 byte counts (buffer 0-63)

00002300-0000237E

* Channd 6 byte counts (buffer 0-63)

00002380-000023FE

* Channd 7 byte counts (buffer 0-63)

00002500-0000257E

*Tota byte count (buffer 0-63)

00002800-0000287E

*Channd 0 status (buffer 0-63)

00002880-000028FE

* Channel 1 gtatus (buffer 0-63)

00002900-0000297E

*Channd 2 gatus (buffer 0-63)

00002980-000029FE

*Channd 3 status (buffer 0-63)

00002A 00-00002A7E

*Channd 4 gtatus (buffer 0-63)

00002A80-00002AFE

*Channd 5 gtatus (buffer 0-63)

00002B00-00002B7E

* Channd 6 status (buffer 0-63)

00002B80-00002BFE

*Channd 7 status (buffer 0-63)

Register Definitions

VRB ID

Always 3 for aVRB module.

Configuration Setting
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This register displays the current selected VRB application. For the DO SV X application, the value
should be 0.

Date Code

The versgon of the VRB firmware for the application curently running is indicated by a4 digit
hexadecimal date code. The format is YMDD where;

Y =ladt digit of year
M = month (January =“1"........... December =“C”)
DD =day

Module Serial Number

Individua board serid number for this VRB.

Module Type

Contains avaue of 1 if thisis a 10 channel X 64 Kbyte board, O if thisis an 8 channd X 32
Kbyte board (norma DO configuration).

User Info

Thisisa 16 bit user definable register which is inserted into the header of every event.

Readout Buffer Number

The VRB buffer number (6 bits) to use for readout of the current event. This information is
normaly supplied by the VRBC through the system controller interface, but may dso be written to this
register through VME for test purposes. The VRB will return READOUT_BUSY when the Readout
Buffer Number is received, but will not begin processng the readout until both the Readout Buffer
Number and Readout Bunch Crossing Number are received.

Readout Bunch Crossing Number
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The bunch crossng number (8 bts) to use for consstency checking during readout of the
current event.  This information is normaly supplied by the VRBC through the syssem controller
interface, but may aso be written to this register through VME for test purposes.

Scan Buffer Number

The VRB buffer number (6 bits) to use for output of the next event to the scan processor. This
information is normaly supplied by the VRBC through the system controller interface, but may aso be
written to this register through VME for test purposes. The VRB will return SCAN_BUSY when the
Scan Buffer Number is received, but will not begin processng the scan until both the Scan Buffer
Number and Scan Event Number are received.

Scan Event Number

The event number (8 bits) to be inserted into the header fidd of the next scanned event. This
information is normaly supplied by the VRBC through the system controller interface, but may aso be
written to this register through VME for test purposes.

Scan Byte Count

This register contains the scan byte count for the VRB buffer designated in the most recent Scan
Buffer Number message from the VRBC. The scan byte count is the total of VRB data from dl active
channds plus header. This register is updated when the scan operation is complete (SCAN_BUSY
sgnd released). Prior to completion of the scan operation, this register will contain the byte count for
the previoudy scanned event.

Scan Word Count

This register contains the scan word count for the VRB buffer desgnated in the most recent
Scan Buffer Number message from the VRBC. This s equivaent to the vaue in the Scan Byte Count
register divided by two. The scan word count is the total of VRB data from dl active channds plus
header.

Scan Longword Count

This register contains the scan longword count for the VRB buffer designated in the most recent
Scan Buffer Number message from the VRBC. Thisis equivaent to the vaue in the Scan Byte Count
register divided by four. The scan longword count isthe total of VRB data from al active channds plus
header.
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Current Status

This regisger holds an unlatched copy of the 10 datus signds driven on the VRB subrack
backplane to the VRBC. Error sgnds are normally asserted at the completion of readout and remain
asserted until the next readout command is received.

The SRC recaves the OR of the gatus sgnds from dl VRBs in the sysem. The VRB
generating a particular error sgnd can be identified by examining this register individudly in each VRB.

Latched Status

This regigter holds alatched copy of the 10 status signals driven on the VRB subrack backplane
to the VRBC. If any of the status signals have been assarted since the last clear status command, the
corresponding bit will be laiched high in this regiger. Note that the READOUT _BUSY ad
SCAN_BUSY sgndswill be asserted in norma operation....these bits will aways be latched high if the
VRB hasreceived a least one READOUT or SCAN command.

VRB Reset/Restart

The VRB can be programmed to recognize up to 256 reset/restart commands. These
commands can be sent ether through VME or by the VRBC. The following commands are currently
implemented;

0x00 reset input and output data FIFOs, VRB control and buffer logic
(does not reset processor or reload FPGAS)

0x01 same as 0, but also resstsVTM

0x02-0x7F | (reset) not defined

0x80 restart VRB with gpplication 0

0x81 restart VRB with gpplication 1

0x82 restart VRB with application 2

0x83 restart VRB with application 3

0x84 restart VRB with gpplication 4

0x85 restart VRB with application 5

0x86 restart VRB with gpplication 6




0x87 restart VRB with application 7
0x88 restart VRB in Default Mode
0x89-OxFF | (restart) not defined

The restart commands are provided to alow test software to switch between applications
without removing the VRB and changing default switch settings. This overrides the settings of the VRB
Application Sdlect switches (S3-5,6,7,8) until the next restart. Note that restart commands are only
recognized if the Remote Restart Disable switch (S3-4) is OFF.

Channd Enable

The VRB data channds may be individualy enabled or disabled. Disabled channels have a byte
count of zero in the event header and no datain the datarecord. Error signds (loss of sync, etc) are not
processed if the channd is not endbled. The default dartup setting for this regiger is dl channds
disabled (0). For dl eight channels enabled, the correct vaue for this register would be OxO0FF.

Important: settings for the channel enable register do not take effect until the VRB isreset by writing to
the VRB reset/restart register (address 3C, reset command O or 1) or by sending aVRBC reset

command (command 14, value O or 1).

Bit number

Function

channd 0 enable

channd 1 endble

channd 2 endble

channd 3 enable

channd 4 endble

channd 5 enable

channd 6 enable

N0~ |W[IN|FL|O

channd 7 endble

8-15

not used

Emulation M ode Enable

The VRB data channels may be individudly placed in “red” or “emulated” data modes. In
emulated data mode, a 256 byte incrementing pattern is generated in place of input data from the SV X
Sequencer for the selected channel(s). The generated data pattern increments from 0x00 to Ox7F with




the same count gppearing in both halves of each 16 bit “SVX” word. The default startup setting for this
regiger isdl channdsin “red” data mode (0).

Important: settings for the emulation mode enable register do not take effect until the VRB isreset by
writing to the VRB reset/restart register (address 3C, reset command 0 or 1) or by sending aVRBC
resst command (command 14, value O or 1).

Bit number Function

0 channd 0 emulation mode
1 channd 1 emulation mode
2 channd 2 emulation mode
3 channd 3 emulation mode
4 channd 4 emulation mode
5 channd 5 emulation mode
6 channd 6 emulation mode
7 channd 7 emulation mode
8-15 not used

Gray Code Enable

This regiger contains a single bit which enables (1) or disables (0) gray decoding of the
incoming SVX data bytes. Gray decoding does not take place for Sequencer id/status, SVX chip ID,
SVX address or "virtud SVX" data

Important: settings for the Gray code enable register do not take effect until the VRB isreset by
writing to the VRB reset/restart register (address 3C, reset command O or 1) or by sending aVRBC
resst command (command 14, vaue O or 1).

Bit number Function

0 decoder enable
2-15 not used

VRB Controal

Thisregigter is used to control some globa features of the VRB.

46



Bit number Function

0 Control Port enable
1 Status Signd enable
2-15 not assgned

The "control port enable" bit alows the user to turn off the VRB control port (J5/6). When
OFF, the VRB will not respond to VRBC control messages. This bit is ON by defaullt.

The "gstatus Sgnal enable’ bit dlows the user to turn off the VRB status sgnds (B5/6). When
OFF, the VRB drives dl (active low) backplane status and error sgnds to a high state. This bit is ON
by defallt.

Both of these contral bits should be cleared when the VRB is not being used in the system. This
will dissble VRB - VRBC interactions for this board. The VRB will continue to respond to VME
commands and will update the VME Satus register.

VTM Control

A command byte written to this register will be sent directly to the VTM for processing. The
command format is as follows,

Bit number Function

0 Read optica power level (A/D)
1 Read opticd signal detect

2 Disable GLink clock

3 Enable GLink clock

4 Resat GLink

5-6 VTM Channd number (0-3)
7-15 not used

This register will be reset to zero as soon as the command is executed. Only ONE of the
command bits (bits 0-4) may be s&t. If more than one bit is s, only the highest priority command will
be executed (bit O = highest......bit 4 = lowest priority).

Examples;

1) Read the optical power levd onlink 2
VTM Control Register = 0x0041

2) Resat link 3
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VTM Control Register = 0x0070

Monitor Count

Returns the number of bytes in the monitor buffer for a monitor snapshot operation or the
number of events hissogrammed for a monitor histogram operation. In snapshot mode, the count is
updated after the data has been copied from the monitor FIFO to the monitor buffer (VME memory).
In histogram mode, the count is updated continuoudy for each event histogrammed.

Monitor Channd

Used to set the VRB channd number (0-7) being monitored.

Monitor Control

This register determines the type of monitor operation performed. Defined operations are;

0 Ide (no operétion)

1 Reset Clear the monitor buffer and reset the Monitor Count register.
(the vdue in the Monitor Control register returns to O when the reset operation
is complete)

2 Snapshot Copy data from a angle event to the monitor buffer.
(the vaue in the Monitor Control register returns to O when the snapshot
operation is complete)

3 Histogram Generate a higogram of SVX channels

(the histogram operation continues until the Monitor Control register is set
back to 0 by the user.)

The histogram table gppearsin the monitor buffer with the following order;
L ocations 0x800- Ox8FE SV X chip 0, channels 0-127
Locations 0x900- Ox9FE SVX chip 1, channds 0-127

Locations 0x1700-0x17FE SV X chip 15, channels 0-127

(Note that SV X chips are ordered by their position in the data stream, not by
the SV X chip ID. Channel 127 is not histogrammed if the SV X chip ID is0.)
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VTM Power

After trandferring control to the DO SV X application the VRB issues a sequence of commands
tothe VTM (viathe VTM serid port) to read the Finisar optical receiver power. The measured power
levels for links 0,1,2 and 3 are dored in separate registers (00000078 through O0000007E,
respectively). The low 8 bits of the register contain the power vaue read by the A/D converter. Bit 8 of
the register is st if the Finisar optica recelver “sgnd detect” is set. If this is not s, the fiber optic
cable may be disconnected or damaged. The power measurement and signal detect status are only
checked once at startup or in response to a VTM control register write.....they are not continuous
readings.

Buffer Start Address (0-63)

Each VRB data channel hes atotal of 32 KBytes of buffer memory. This buffer memory is
divided into one or more fixed size event buffers. The VRB control logic alows up to 64 buffers. The
garting address of each of the VRB event buffers may be individualy programmed. Starting addresses
for eech buffer are the same for dl eight VRB data channds. The default setting for the DO SV X
configuration is two overlapping sets of buffers, set 1 is 16 buffers of 2 KBytes each (buffer numbers
0-15) and set 2 is 8 buffers of 4 KBytes each (buffer numbers 16-23).

Buffer Number Register Address (hex)
0 00000300
1 00000302
2 00000304
3 00000306
63 0000037E

The following examples are for a system with 8 buffers;

Buffer Starting Buffer Comments
Number Address (hex) Sze

0 0000 4 KBytes 8 equd szed buffers
1 1000 4 KBytes

2 2000 4 KBytes
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3 3000 4 KBytes

4 4000 4 KBytes

5 5000 4 KBytes

6 6000 4 KBytes

7 7000 4 KBytes

Buffer Starting Buffer Comments
Number Address (hex) Sze

0 0000 2 KBytes 6 smdler buffers
1 0800 2 KBytes

2 1000 2 KBytes

3 1800 2 KBytes

4 2000 2 KBytes

5 2800 2 KBytes

6 3000 10 KBytes

7 5800 10 KBytes and 2 larger buffers

The VRB logic places no redtrictions on the starting address assigned to each buffer (buffers
may overlgp). The following example would alow operation in three different configurations without
resetting the VRB. The configuration would be sdlected by using a different set of buffer numbers,

Configuration 1 buffer numbers 0-7
Configuration 2 buffer numbers 8-11
Configuration 3 buffer numbers 12-13

Buffer Sarting Buffer Comments

Number Address (hex) Sze

0 0000 4 KBytes 8 buffers of 4 KBytes each
1 1000 4 KBytes

2 2000 4 KBytes
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3 3000 4 KBytes
4 4000 4 KBytes
5 5000 4 KBytes
6 6000 4 KBytes
7 7000 4 KBytes
8 0000 8 KBytes 4 buffers of 8 KBytes each
9 2000 8 KBytes
10 4000 8 KBytes
11 6000 8 KBytes
12 0000 16 KBytes 2 buffers of 16 KBytes each
13 4000 16 KBytes
The default Sartup buffer assgnment is shown in the following table;
Buffer Sarting Buffer Comments
Number Address (hex) Sze
0 0000 2 KBytes 16 buffers of 2 KBytes each
1 0800 2 KBytes
2 1000 2 KBytes
3 1800 2 KBytes
4 2000 2 KBytes
5 2800 2 KBytes
6 3000 2 KBytes
7 3800 2 KBytes
8 4000 2 KBytes
9 4800 2 KBytes
10 5000 2 KBytes
11 5800 2 KBytes
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12 6000 2 KBytes
13 6800 2 KBytes
14 7000 2 KBytes
15 7800 2 KBytes
16 0000 4 KBytes 8 buffers of 4 KBytes each
17 1000 4 KBytes
18 2000 4 KBytes
19 3000 4 KBytes
20 4000 4 KBytes
21 5000 4 KBytes
22 6000 4 KBytes
23 7000 4 KBytes

Buffer Size (0-63)

Each VRB data channd has atotd of 32 KBytes of buffer memory. This buffer memory is
divided into one or more fixed sze event buffers. The VRB control logic dlows up to 64 buffers. The
gze of each of the VRB event buffers may be individualy programmed and is the same for dl ten VRB
data channds. The current startup default setting for the DO SV X configuration is 16 buffers of 2

KBytes each.

The buffer 9ze parameter is used only to determine buffer overflow error. The VRB will
truncate event data written to a buffer when the byte count exceeds the Buffer Size parameter for that
buffer. Because buffer start addresses are not necessarily consecutive and may overlap, the buffer sze

is not autometicaly calculated from the buffer start addresses.

Buffer Number

Register Address (hex)

00000380

00000382

00000384

w| N B~

00000386
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63 0O0O003FE

Output Data Interface

The output data FIFO can be read in two ways (usng separate VME addresses). The
“pipdined” mode is much faster, but has aminor access redtriction.

To maximize transfer rate, the “pipelined’” mode prefetches data from the output data FIFO and
places it in pipdine regigers. When the VRB recelves a VME data strobe (DS), it can immediately
transfer the contents of the last pipdine register to the VME data bus and return DTACK within 20 ns.
Once the VRB begins a pipelined block transfer, it assumes that the Scan Processor will complete the
block trandfer before accessng other registers in the VRB. The block transfer may be interrupted by
other VME activity, as long as it is not a random read/write operation to the specific VRB involved in
the block transfer. If this happens, the last two data words which were prefetched from the output data
FIFO before the block transfer was interrupted will be discarded.

The “non-pipelined” block transfer mode does not prefetch data and so does not have the same
regtriction, but is 2-3 times dower. D64 block transfers (MBLT) only operate in the pipelined mode.
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Application 1 (CDF SV X)

In the CDF SVX gpplication, the VRB acts as a buffer for data pending a Level 2 trigger
decison. Buffer management is provided by a single contraller (SRC) which resides in one of the VRB
subracks and communicates with al VRB modules through the VRB Fanout module located in dot 14
of each subrack. A subrack may contain up to 12 VRB modules. Each VRB receives data from five
detector layers viaa“Fiber Interface Board” and G-Link VTM trangtion module.

The VRB dartup application and some programming/diagnostic features are controlled by
switch bank S3;

S3-1 and S3-2 are write protect switches for the VRB flash memory. These may normally be
left OFF (not write protected) to enable in-system updates of the VRB firmware and software. Since
the VRB software does not dlow flash write cycles when in CDF SV X mode, there is generdly no
danger of accidentdly overwriting the flash memory.

Switch S3-3 disables the RS-232 terminad diagnogtic port. This port outputs information at
VRB dartup/reset and during some error conditions. If there is no termina connected, this switch should
be ON (disabled), since the VRB takes longer to recognize and execute a reset command when it is
displaying diagnostic messages.

Switch S3-4 disables the remote mode change feature. When enabled (switch OFF), the VRB
can be remotdy rebooted into a mode other than CDF SVX. This is necessary for remote
reprogramnming.

Switches S3-5 through S3-8 are used to select the VRB gtartup application. Application select
switch settings for CDF SV X mode are asfollows,

S3-8 S3-7 S3-6 S3-5
CDF SVX ON ON ON OFF
? FF ON
Norma S3 settings . — flash bank O write protect
21— flash bank 1 write protect
for CDF SV X mode 3T diagnostic port disable

4T remote mode change disable
5T application select 0
611 application select 1
7C 1] application select 2
gl 11 application select 3
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CDF SVX VRB

Control of the VRB modulesis provided by the Silicon Readout Controller (SRC). Following a
Leve 1 Accent, the SRC supplies the VRB with a buffer number for data input. Following aLevd 2
Accept, the SRC supplies the VRB with a buffer number for data output to VME.

SVX event datais logicaly organized by words (2 bytes). The first bytes of each data stream
contain a header inserted by the front-end eectronics to identify the data source. Thisisfollowed by a
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block of datafrom each SV X IC containing the chip ID, status and up to 128 channd #/data pairs. The
record is terminated by an even number of end-of-record characters;

IHDRO
IHDR1
IHDR2
IHDR3
ChipID
Status
Channd #
Data
Channd #
Data

ChipID
Status
Channd #
Data

EOR
EOR
EOR
EOR

Because the data streams in each link are independent, the transferred number of bytes can be
different and three streams sharing the same link are required to provide separate End-of-record (EOR)
ggnas The VRB input FIFO will accept data from a Glink when the GLink Data Vaid sgnd is
asserted. The Receive Logic will process the data until it recognizes an EOR character (any character
with a high byte containing a value of “CX”). It will then discard data until the input FIFO is empty.
Prior to receiving the EOR character, the VRB will dso discard any 2 byte SVX data word that
contains the vadue “DQ” in the high byte. This is used as a fill character by the FIB to avoid data
underrun.

When dl the channds tranamitting data to a VRB are done, the VRB will inform the Contraller.
This is accomplished by releasng the READOUT BUSY* dgnd on the J/6 backplane.
READOUT_BUSY* is an open collector sgnd that can be driven low by any of the VRBs in the
subrack. The event reedout at the subrack level is finished when dl VRBs have rdeased thisline. When
readout is complete, it takes a few microseconds to save the event byte count and status information
before the VRB releases it sREADOUT_BUSY* sgna and the event is available for scan.
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The VRB Receive Logic checks the event data as it is being received. Thefollowingisaligt of
the checks performed for SV X data

» check that the pipeline cgpacitor number and the bunch crossng number match vaues
received from the SRC

* on recaipt of EOR, append EOR bytes to the event until the event sze per channel isa
multiple of 8 bytes. Thisis doneto smplify VME block trandfers.

« if the readout is truncated due to buffer overflow or format error, a specid EOR code is
appended.

The beginning of data input is initiated by the SRC when it sends a READOUT BUFFER
NUMBER message to the VRB. Any data received before the READOUT BUFFER NUMBER
message will be held in the input FIFOs (up to the 512 byte limit).

Data received on each link is stored in the buffer pointed to by the Readout Buffer Number
supplied by the SRC.

Events that are accepted by the Level 2 trigger are copied to the VME output data FIFO (the
SRC supplies the SCAN BUFFER number). For events rejected by the Level 2 trigger, the SRC
amply re-uses the buffer number, causng the previous event data to be overwritten.

In this gpplication, the G-links are used in 20 bit mode and each transfer packs data from two
and a haf SvX HDIs. A tota of ten HDI channds are supported. Each channdl of Receive Logic
processes 8 bits of data.

SRC Interface
Control messages received from the SRC include the following;

* Messagetypel: READOUT BUFFER NUMBER.....received after a Level 1
Accept to designate the next buffer number for VRB inpt.

* Messagetype2:  PIPELINE CAPACITOR NUMBER.....received after a Level
1 Accept and used to check consistency with vaues in the data stream.

* Messagetype3: BUNCH CROSSING NUMBER.....received after a Level 1
Accept and used to check consstency with valuesin the data stream.

* Messagetyped: SCAN BUFFER NUMBER....receved after a Levd 2
Accept to desgnate the next buffer number for VRB outpuit.

* Messagetype5:  EVENT NUMBER.....received after a Level 2 Accept and
inserted into the output event record to label the Leve 2 event.

* Messagetype6: TSL1...received after alLeve 1 Accept and inserted into the
output event record to indicate “time since Leve 1 Trigger™.

* Messagetype 7-12: (not used)....available for expansion.

57



* Messagetype13: CLEAR STATUS.....clear the VRB datus registers and signals.

* Messagetypel4: RESET/RESTART....a "reset” command causes reset of the
input FIFOs and resynchronization of the Recelve Logic to the dart of the next event.
RESET is necessary when changing VRB channd enable or emulaion mode regigers. A
“restart” command reininitidizes the entire VRB, including download of FPGAs

The 12 bit message is interpreted as a four bit fidd (11:8) identifying the message type and an
eght bit fied (7:0) containing the message vaue. The CONTROLLER ERROR dgnd is asserted if a
READOUT BUFFER NUMBER messge is recaeved while the VRB is dill assarting
READOUT _BUSY or if a SCAN BUFFER NUMBER message is received while the VRB is dill
asserting SCAN_BUSY.

The VRB drives the following status Sgnals on the J5/6 backplane. These Sgnas are active low
(open collector TTL) on the backplane and are inverted by the VRB Fanout module. The satus sgnds
returned by the Fanout Module(s) to the SRC are the OR of al VRB modules in the system and should
be synchronized at the SRC:

* READOUT_BUSY* (¢tat0): Indicates that dl data from the current input event has been
received. READOUT_BUSY* is driven low when a READOUT BUFFER NUMBER
message is received by the VRB and is released when dl active channels on the VRB have
received the event data Note this protocol does not dlow pipdining of READOUT
BUFFER NUMBER messages....the SRC mugt wait until READOUT_BUSY* is high before
sending the next READOUT BUFFER NUMBER message.

* SCAN_BUSY* (statl): Indicates that al data from the current output event has
been transmitted. SCAN_BUSY* is driven low when a SCAN BUFFER NUMBER
message is received by the VRB and is reeased when dl data for that event has been
transferred to the VRB Output FIFO. Note: this protocol does not alow pipdining of SCAN
BUFFER NUMBER messages....the SRC mugt wait untiil SCAN_BUSY* is high before
sending the next SCAN BUFFER NUMBER message.

* SYNC_ERROR* (¢tat2): Indicates that a G-Link synchronization error or a nor+
vaid G-Link data word (frame error) was detected on a data link connected to an active
channd. This synchronization error remains asserted only while the sync error exists. The
frame error Sgnd is asserted following readout of the event (prior to READOUT_BUSY*
high) and remains assarted until the next READOUT BUFFER NUMBER messege is
received.

* TIMEOUT* (dtat3): Indicates that no data has been received on aVRB channd for
20 usec following a readout command.

« IDENTIFIER_ERROR* (stat4):  Indicates that an invalid event identifier (crossng
number or capacitor number) was detected in a data stream. This Sgnd is asserted following
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readout of the event (prior to READOUT_BUSY* high) and remains asserted until the next
READOUT BUFFER NUMBER message is received.

* FORMAT_ERROR* (dstatb): Indicates that a data format error has occurred. Data
format errors indicate markers (channd numbers, chip IDs, etc.) which are outsde the vaid
range, or not in the expected locetion in the data stream. This sgnd is asserted following
readout of the event (prior to READOUT_BUSY* high) and remains asserted until the next
READOUT BUFFER NUMBER message is received.

* CONTROLLER_ERROR* (¢tat6): Indicates that an invdid or unrecognizable SRC
message was recaived. It isaso set if the SRC sends a READOUT command while the VRB
is assating READOUT BUSY or a SCAN command while the VRB is assarting
SCAN_BUSY. Thisggnd is asserted at the time that the message is recelved and remains
asserted until aclear status command is received.

* VRB_ERROR* (dtat7): Indicates that he VRB was not able to process the
event correctly (usudly due to buffer overflow). Thissgnd is asserted following readout of the
event (prior to READOUT_BUSY* high) and remains asserted until the next READOUT
BUFFER NUMBER message is received.

* (Sat8) (reserved):
o (stat9) (reserved):

Output Data Format
The following header information is added to each CDF SV X event:

31 24 23 16 15 8 7 0
total byte count tsll event numnber

chO stat chl stat ch2 stat ch3 stat ch4 stat 00
(31..26) (25..20) (19..14) (13..8) (7..2)
ch5 stat ch6 stat ch7 stat ch8 stat ch9 stat 00
(31..26) (25..20) (19..14) (13..8) (7..2)

channel 0 byte count channel 1 byte count

channel 2 byte count channel 3 byte count

channel 4 byte count channel 5 byte count

channel 6 byte count channel 7 byte count

channel 8 byte count channel 9 byte count
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The channd status words are mapped as follows (see previous section on SRC interface for

error definitions);

Bit First StatusWord Second StatusWord

0 not used (0) not used (0)

1 not used (0) not used (0)

2 G-Link sync error (channd 4) G-Link sync error (channe 9)
3 Frame error (channd 4) Frame error (channd 9)

4 ID error (channd 4) ID error (channd 9)

5 Format error (channd 4) Format error (channd 9)

6 not used (0) not used (0)

7 VRB error (channd 4) VRB error (channd 9)

8 G-Link sync error (channd 3) G-Link sync error (channd 8)
9 Frame error (channd 3) Frame error (channel 8)

10 ID error (channe 3) ID error (channdl 8)

11 Format error (channd 3) Format error (channd 8)

12 not used (0) not used (0)

13 VRB eror (channd 3) VRB eror (channd 8)

14 G-Link sync error (channd 2) G-Link sync error (channd 7)
15 Frame error (channd 2) Frame error (channd 7)

16 ID error (channd 2) ID error (channdl 7)

17 Format error (channd 2) Format error (channd 7)

18 not used (0) not used (0)

19 VRB eror (channd 2) VRB eror (channd 7)

20 G-Link sync error (channd 1) G-Link sync error (chamnd 6)
21 Frame error (channd 1) Frame error (channel 6)

22 ID error (channd 1) ID error (channdl 6)

23 Format error (channd 1) Format error (channel 6)

24 not used (0) not used (0)

25 VRB eror (channe 1) VRB eror (channe 6)
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26 G-Link sync error (channel 0) G-Link sync error (channd 5)
27 Frame error (channd 0) Frame error (channd 5)

28 ID error (channd 0) ID error (channd 5)

29 Format error (channd 0) Format error (channd 5)

30 not used (0) not used (0)

31 VRB eror (channd 0) VRB error (channd 5)

A traler consgting of two zero words is added to the end of each event. If the output data
FIFO is empty, subsequent read operations will return this last zero vaue. The VME Scan Processor
can poll the output data FIFO until it returns a non-zero vaue. This will be the first word of the next
scanned event. By poalling the output data FIFO, the Scan Processor can operate independently of the
SRC. Scanned events can be queued in the output data FIFO and read a the maximum rate of the
Scan Processor.  The Scan Processor does not need to know the scan operation status, event number
or scan buffer number.

Scan Processing

The VRB is programmed to alow scan operations using a single VRB address (output data
FIFO) and transfer mode (block transfer). A typical scan operation isatwo step process,

1) read one 32 bit word from the output data FIFO (using VME block transfer mode).....repeat
this step until anon-zero value isread.....this value will be the first word of the event

2) use the “total byte count” to read the remainder of the event (dso using VME block transfer
mode)

Note that the vaue of the “total byte count” includes itsdf, therefore the correct block size to
transfer in gep 2 is“totd byte count” minus four.

This process can aso be accomplished using 64 bit transfers. In that case, the first non-zero
vaue returned will contain the firgt two 32 bit words of the event and the correct block sizeto transfer in
dep 2 is“totd byte count” minus eight.

The event reader is 32 bytes long and the data from each channd is padded to an eight byte
boundary. The “total byte count” includes al header, data and padding.

The byte count for each individud channd represents only the actua data for that channd (it
does rot include any padding bytes at the end of the channd’s data). To find the tart of the next
channel’ s data, round the byte count for the previous channd to the next eight byte boundary.
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Reset/Restart Operation

The VRB will aso respond to various reset commands which can be transmitted by the SRC or
through VME (VRB Reset/Restart regigter). These commands are only recognized if the processor and
VME interface FPGA programs are functioning correctly.

A VRB redart is generated under the following conditions;
1) power ON

2) front panel restart button

3) VME SYSRESET sgnd

4) expiration of the VRB processor watchdog timer

5) aVME or SRC remote restart command (if enabled)

"Redtart”" causes the VRB processor to reset, which in turn reloads al FPGA programs for the
selected gpplication. The processor reinitidizes shared memory parameters and clears the input and
output data FIFOs. The restart process takes severa seconds to download FPGA code. Completion
of restart isindicated by the front panel Processor LED.

A VRB resgt requires less time since FPGA code is not downloaded. The processor will
typicaly respond to areset command within 100 microseconds.

VME Addressing

The CDF SV X gpplication uses A32 addressing with the following address modifiers;
0x09, Ox0A, 0x0D or OxOE (D32 single word access)
OxOB or OxOF (D32 block transfers)
0X08 or 0xOC (D64 block transfers)

The only VRB location that responds to block transfersis the output data FIFO.

To conserve FPGA resources, D16 and D8 single word transfers are not currently implemented
(asrequired by the VME standard).

The base address of the module is determined by the subrack geographica address (GA4:0).
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Address A32 Decoding
A31 GA4
A30 GA3
A29 GA2
A28 GAl
A27 GAO

There are two VME address configuration switches. These are normally not used in the CDF
SVX mode, but must be set to the proper default positions. Switch bank S1 determines the eight bit
module base address for systems not using geographica addressing (ON =0, OFF = 1). For the CDF
SV X application, these switches are "don't care’ but are normally set to the ON postion. Switch bank
S2 provides a means of setting the base address if geographica addressing is used, but is not supported
by the subrack backplane (ON =0, OFF = 1). These switches should dl be set to OFF in the CDF
SV X application (when used with a stlandard VIPA subrack).

S1 S2

'r|
T
©)
=z
o
T
©)
=z

/T /module address 0
| — /module address 1
/1] /module address 2
/module address 3
 — /module address 4
 — /module address 5
— /module address 6
| —— /module address 7

I E— /IGAO
I — /IGA1
I I IGA2
/IGA3
CIT—1 /IGA4
CI— IGAP

o~NooohN~NwN RO
o~No U~ wWN RO

All regigters, except the Output data FIFO, are accessed using D32 single word transfers.
These regiders contain 16 bits of Sgnificant information in the low haf of the 32 bit word with the high
16 bits returning zeros on reads and ignored on writes. The Output data FIFO is accessed using D32
or D64 block transfers. Addresses not listed are reserved. Regigters that are written by the VRB and
should be considered "read-only” for VME access are indicated by *.

VME Address (hex) Function

00000000 *VRB ID

00000004 * Application ID
00000008 * Date code
0000000C *Module serid number
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00000010 *Module type

00000014 * Configuration switches

00000018 * Reset code

00000044 Readout buffer number

00000048 Readout pipeline capacitor number
0000004C Readout bunch crossng number
00000050 Scan buffer number

00000054 Scan event number

00000058 Timesncell

00000070 * Current status

00000074 Latched status (clear status)
00000078 VRB reset/restart

00000080 \VRB control

00000084 VTM control

00000088 *Monitor status

0000008C *Monitor count

00000090 Monitor channel

00000094 Monitor control

00000098 * SV X header 1 (hisogram mode)
0000009C * SV X header 2 (histogram mode)
000000A0 *Chip 0 | D/status (histogram mode)
000000A4 *Chip 1 ID/gtatus (histogram mode)
000000AS8 *Chip 2 |D/gtatus (histogram mode)
000000AC *Chip 3 ID/datus (histogram mode)
000000BO * Chip 4 1D/gtatus (histogram mode)
000000B4 *Chip 5 ID/gtatus (histogram mode)
000000B8 * Chip 6 | D/gtatus (histogram mode)
000000BC *Chip 7 ID/gtatus (histogram mode)
000000CO *Chip 8 ID/dtatus (histogram mode)
000000C4 *Chip 9 ID/gtatus (histogram mode)
000000C8 *Chip 10 ID/tatus (histogram mode)
000000CC *Chip 11 ID/gtatus (histogram mode)
000000D0 * Chip 12 ID/gatus (histogram mode)
000000D4 *Chip 13 ID/gtatus (histogram mode)
000000D8 *Chip 14 ID/gtatus (histogram mode)
000000DC *Chip 15 ID/dtatus (histogram mode)
000000EOD Channdl endble

000000E4 Emulation mode engble

000000ES8 (kO Cdadedeaiable
000000EC Timeout enable

000000F8 *VTM link 2 power
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000000FC *VTM link 3 power

00000100-00000124 * Channe control words (channel 0-9)

00000140-00000164 Channdl gatus enables (channd 0-9)

00000600-000006FC Buffer start address (buffer 0-63)
00000700-000007FC Buffer sze (buffer 0-63)
00001000-00003FFC *Monitor data/histogram buffer

00004000-000040FC * Channd 0 byte counts (buffer 0-63)

00004100-000041FC * Channel 1 byte counts (buffer 0-63)

00004200-000042FC * Channdl 2 byte counts (buffer 0-63)

00004300-000043FC * Channel 3 byte counts (buffer 0-63)

00004400-000044FC * Channd 4 byte counts (buffer 0-63)

00004500-000045FC *Channd 5 byte counts (buffer 0-63)

00004600-000046FC * Channel 6 byte counts (buffer 0-63)

00004700-000047FC * Channd 7 byte counts (buffer 0-63)

00004800-000048FC * Channd 8 byte counts (buffer 0-63)

00004900-000049FC * Channel 9 byte counts (buffer 0-63)

00004F00-00004FFC *Total byte count (buffer 0-63)

00005000-000050FC * Channel 0 status (buffer 0-63)

00005100-000051FC * Channd 1 status (buffer 0-63)

00005200-000052FC

*Channd 2 gtatus (buffer 0-63)

00005300-000053FC

*Channd 3 status (buffer 0-63)

00005400-000054FC

* Channd 4 status (buffer 0-63)

00005500-000055FC

*Channd 5 Status (buffer 0-63)

00005600-000056FC

*Channd 6 status (buffer 0-63)

00005700-000057FC

* Channel 7 atus (buffer 0-63)

00005800-000058FC * Channel 8 status (buffer 0-63)

00005900-000059FC * Channel 9 status (buffer 0-63)

000IXXXX * Qutput data FIFO (non-pipelined mode) [d32, BLT]

0002XXXX * Output data FIFO (pipelined mode) [BLT,MBLT]

Register Definitions

VRB ID

Always 3 for aVRB module.

Application ID

65



This register displays the current selected VRB application. For the CDF SV X gpplication, the
vaue should be 1.
Date Code

The verson of the VRB firmware for the gpplication currently running is indicated by a 4 digit
hexadecimd date code. The format is Y MDD where;

Y =last digit of year
M = month (January =“1"........... December =“C”)
DD = day

Module Serial Number

Individua board serid number for this VRB.

Module Type

Containsavaue of 1if thisisa 10 channe X 64 Kbyte board (norma CDF configuration), O if
thisisan 8 channel X 32 Kbyte board.

Configuration Switches

VRB configuration settings (vaue of switch S3-1,2,3,4).

Bit Function

0 Bank O flash memory write enable (O = write protected, 1 = write enabled)

1 Bank 1 flash memory write enable (O = write protected, 1 = write enabled)

2 Diagnostic Port enable (0 = port disabled, 1 = port enabled)

3 Remote mode change enable (0 = mode change disabled, 1 = mode change enabled)
4-15 Not used

Readout Buffer Number
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The VRB buffer number (6 bits) to use for readout of the current event. This information is
normally supplied by the SRC through the system controller interface, but may dso be written to this
register through VME for test purposes. The VRB will return READOUT_BUSY when the Readout
Buffer Number is received, but will not begin processing the readout until the Readout Buffer Number,
Readout Pipeline Capacitor Number, and Readout Bunch Crossng Number are dl received.

Readout Pipeline Capacitor Number

The pipdine capacitor number (8 bits) to use for congstency checking during readout of the
current event. This information is normaly supplied by the SRC through the system controller interface,
but may aso be written to this register through VME for test purposes.

Readout Bunch Crossing Number

The bunch crossng number (8 bits) to use for consstency checking during readout of the
current event. Thisinformation is normaly supplied by the SRC through the system controller interface,
but may aso be written to this register through VME for test purposes.

Scan Buffer Number

The VRB buffer number (6 bits) to use for output of the next event to the scan processor. This
information is normaly supplied by the SRC through the system controller interface, but may aso be
written to this register through VME for test purposes. The VRB will return SCAN_BUSY when the
Scan Buffer Number is received, but will not begin processng the scan until both the Scan Buffer
Number and Scan Event Number are received.

Scan Event Number
The event number (8 hits) to be inserted into the header fidd of the next scanned event. This

information is normdly supplied by the SRC through the system controller interface, but may aso be
written to this register through VME for test purposes.

TimeSincelL1l
The time since L1 trigger (8 bits) to be inserted into the heeder field of the next scanned event.

This information is normaly supplied by the SRC through the system controller interface, but may aso
be written to this register through VME for test purposes.
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Current Satus

Thisregister holds an unlatched copy of the 10 status signd's driven on the VRB Fanout cable to
the SRC. Error sgnds are normaly asserted at the completion of readout and remain asserted until the
next readout command is received.

The SRC receives the OR of the status signads from al VRBs n the sysem. The VRB
generating a particular error sgnd can be identified by examining this register individudly in each VRB.

Latched Status

This register holds a latched copy of the 10 status sgnds driven on the VRB Fanout cable to
the SRC. If any of the status Sgnds have been asserted since the last clear status command, the
corresponding bit will be latched high in this regiser. Note that the READOUT_BUSY and
SCAN_BUSY ggnas will be asserted in norma operation....these bits will aways be latched high if the
VRB has received at least one READOUT or SCAN command.

VRB Reset/Restart

The VRB can be programmed to recognize up to 256 reset/restart commands. These
commands can be sent ether through VME or by the SRC. The following commands are currently
implemented;

0x00 reset input and output data FIFOs, VRB control and buffer logic
(does not reset processor or reload FPGAS)

O0x01 same as 0, but dso resets VTM

0x02-0x7F (reset) not defined

0x80 restart VRB with gpplication 0

0x81 restart VRB with application 1

0x82 restart VRB with gpplication 2

0x83 restart VRB with application 3

0x84 restart VRB with gpplication 4

0x85 restart VRB with gpplication 5

0x86 restart VRB with application 6

0x87 restart VRB with gpplication 7
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0x88

resart VRB in Default Mode

0x89-OxFF

(restart) not defined

The restart commands are provided to dlow test software to switch between gpplications
without removing the VRB and changing default switch settings. This overrides the settings of the VRB
Application Sdect switches (S3-5,6,7,8) until the next restart. Note that restart commands are only
recognized if the Remote Mode Change Disable switch (S3-4) is OFF.

Channd Enable

The VRB data channels may be individualy enabled or disabled. Disabled channels have a byte
count of zero in the event header and no datain the data record. Error signals (loss of sync, etc) are not
processed if the channd is not endbled. The default startup setting for this regider is dl channels
disabled (0). For dl channds enabled, the correct vaue for this register would be OxO3FF.

Important: settings for the channd enable register do not take effect until the VRB is reset by writing to
the VRB reset/restart register (address 78, reset command 0 or 1) or by sending an SRC reset

command (command 14, vaue 0 or 1).

Bit number

Function

channd 0 endble

channd 1 endble

channd 2 endble

channd 3 endble

channd 4 enable

channd 5 endble

channd 6 enable

channd 7 enable

channd 8 enable

OO (N0 |B[W|IN|FL|(O

channd 9 endble

10-15

not used

Emulation Mode Enable

The VRB data channels may be individudly placed in “red” or “emulated’ data modes. In
emulated data mode, a 256 byte incrementing pattern is generated in place of input data from the FIB




for the sdected channel(s). The generated data pattern increments from 0x00 to Ox7F with the same
count gppearing in both haves of each 16 bit “SVX” word. The default startup setting for this register is
al channdsin “red” datamode (0).

Important: settings for the emulation mode enable register do not take effect until the VRB isreset by
writing to the VRB reset/restart register (address 78, reset command 0 or 1) or by sending an SRC
reset command (command 14, value O or 1).

Bit number Function

channd 0 emulation mode

channd 1 emulation mode

channd 2 emulation mode

channd 3 emulation mode

channd 4 emulation mode

channd 5 emulation mode

channd 6 emulation mode

channd 7 emulation mode

channd 8 emulation mode

OO (N[O |0 |D[W|IN|FL|O

channd 9 emulation mode

10-15 not used

WYSIWYG Mode Enable

The VRB data channds may be individualy placed in a mode where the input data stream is
passed to the data buffer without processing. In this mode leading zero words, words containing “D0”
fill characters, and data following the firg “Cx” EOR word are written to the data buffer as received.
The default startup setting for thisregister isdl channdsin sandard data mode (0).

Important: settings for the WY SIWY G mode enable register do not take effect until the VRB is reset
by writing to the VRB reset/restart register (address 78, reset command O or 1) or by sending an SRC
reset command (command 14, value O or 1).

Bit number Function

channd 0 WY SIWY G mode

channd 1 WY SIWY G mode

channd 2 WY SIWY G mode

channd 3 WY SWY G mode

channd 4 WY SIWY G mode

Q| |W[IN|FL|O

channd 5 WY SIWY G mode
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6 channe 6 WY SI\WY G mode
7 channd 7 WY SIWY G mode
8 channd 8 WY SIWY G mode
9 channe 9 WY SIWY G mode
10-15 not used

Timeout Enable

When s, the data channd will timeout 20 usec after a readout command if no data has been
received. The event will be terminated as if it were a normd zero-length record, but the timeout error
sgnd will be asserted. The default Startup setting for thisregister is timeouts disabled (0).

Important: settings for the timeoute enable register do not take effect until the VRB isreset by writing
to the VRB reset/restart register (address 78, reset command O or 1) or by sending an SRC reset
command (command 14, vaue 0 or 1).

Bit number Function

channd 0 timeout enable

channd 1 timeout enable

channd 2 timeout enable

channd 3 timeout enable

channd 4 timeout enable

channd 5 timeout enable

channd 6 timeout enable

channd 7 timeout enable

channd 8 timeout enable

OO (N[O |0 |B[W|IN|FL|O

channd 9 timeout enable

10-15 not used

VRB Controal

This regiger is used to control some globd features of the VRB. Currently only one bit is
assigned.

Bit number Function
0 Control Port enable
1-15 not assigned
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The control port enable bit dlows the user to turn off the VRB control port (J/6). Thisis
normaly only useful in test modes where there is no VRB Fanout module in the sysem and the VRB is
being controlled through VME. When no VRB Fanout module is present, the control port message
lines are not driven or terminated, so there is a possbility of spurious commands being received by the
VRB if the port is enabled. Thisbit is ON by defauilt.

Note: this bit controls VRB response to control messages on the J5/6 control port only. It
does not enable/disable J5/6 status signals.

VTM Control

A command byte written to this register will be sent directly to the VTM for processng. The
command format is as follows,

Bit number Function

0 Read optica power leve (A/D)
1 Read optica sgnd detect

2 Disable GLink clock

3 Enable GLink clock

4 Resat GLink

5-6 VTM Channd number (0-3)
7-15 not used

This register will be reset to zero as soon as the command is executed. Only ONE of the
command bits (bits 0-4) may be set. If more than one bit is s, only the highest priority command will
be executed (bit O = highest......bit 4 = lowest priority).

Examples;
1) Read the optica power leve onlink 2
VTM Control Register = 0x0041
2) Reset link 3
VTM Control Register = 0x0070

Monitor Count

Returns the number of bytes in the monitor buffer for a monitor sngpshot operation or the
number of events hisogrammed for a monitor histogram operation. In snapshot mode, the count is
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updated after the data has been copied from the monitor FIFO to the monitor buffer (VME memory).
In histogram mode, the count is updated continuoudy for each event histogrammed.

Monitor Channd

Used to set the VRB channd number (0-9) being monitored.

Monitor Control

Thisregister determines the type of monitor operation performed. Defined operations are;

0 Ide

(no operétion)

1 Reset

Clear the monitor buffer and reset the Monitor Count register.

(the vdue in the Monitor Control register returns to 0 when the reset operation
is complete)

2 Snapshot

Copy data from a angle event to the monitor buffer.

(the vaue in the Monitor Control register returns to O when the snapshot
operation is complete)

3 Histogram

Generate a higogram of SVX channels

(the histogram operation continues until the Monitor Control register is st
back to 0 by the user.)

The histogram table gppearsin the monitor buffer with the following order;
Locations 0x1000- Ox11FC SV X chip O, channels 0-127
Locations 0x1200- Ox12FC SV X chip 1, channels 0-127

L ocations Ox2EQ0-Ox2FFC SVX chip 15, channels 0-127

(Note that SV X chips are ordered by their position in the data stream, not by
the SV X chip ID. Channel 127 is not histogrammed if the SV X chip ID is0.)

VTM Power

After tranderring control to the CDF SVX agpplication the VRB issues a sequence of
commands to the VTM (via the VTM serid port) to read the Finisar optica receiver power. The
measured power levels for links 0,1,2 and 3 are sored in separate registers (000000F0 through
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000000FC, respectively). The low 8 bits of the register contain the power vaue read by the A/D
converter. Bit 8 of the register is set if the Finisar optical recaiver “sgnd detect” issat. If thisisnot s,
the fiber optic cable may be disconnected or damaged. The power measurement and signd detect
gtatus are only checked once at startup or in response to a VTM control register write.....they are not
continuous readings.

Channdl Status Enables

Status flags for VRB channels can be individudly enabled. Registers 00000140 through
00000164 contain the status enables for channds O through 9, respectively. The default value for these
regisersis OxFF.

Bit number Function

not used

not used

G-Link sync error enable

G-Link frame eror enable

Invalid PLC or BC number error enable

Invalid channel number sequence error enaole

not used

N0~ |W[IN|FL|O

VRB input buffer overflow error enable

8-15 not used

Buffer Start Address (0-63)

Each VRB data channd has a total of 64 KBytes of buffer memory. This buffer memory is
divided into one or more fixed sSze event buffers. The VRB contral logic dlows up to 64 buffers (the
CDF SVX system is expected to use only 12 buffers). The starting address of each of the VRB event
buffers may be individuadly programmed. Starting addresses for each buffer are the same for dl ten
VRB data channels. The current startup default setting for the CDF SV X configuration is 16 buffers of
4 KBytes each.

Buffer Number Register Address (hex)
0 00000600
1 00000604
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2 00000608
3 0000060C
4 00000610
5 00000614
6 00000618
7 0000061C
8 00000620
9 00000624
10 00000628
11 0000062C
63 000006FC
The following examples are for a system with 8 buffers;
Buffer Starting Buffer Comments
Number Address (hex) Sze
0 0000 8 KBytes 8 equd sized buffers
1 2000 8 KBytes
2 4000 8 KBytes
3 6000 8 KBytes
4 8000 8 KBytes
5 A000 8 KBytes
6 CO000 8 KBytes
7 E000 8 KBytes
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Buffer Starting Buffer Comments
Number Address (hex) Sze

0 0000 4 KBytes 6 smaller buffers

1 1000 4 KBytes

2 2000 4 KBytes

3 3000 4 KBytes

4 4000 4 KBytes

5 5000 4 KBytes

6 6000 20 KBytes

7 BO0O 20 KBytes and 2 larger buffers

The VRB logic places no redtrictions on the starting address assigned to each buffer (buffers
may overlap). The following example would dlow operation in three different configurations without
resgtting the VRB. The configuration would be sdected by using a different set of buffer numbers,

Configuration 1 buffer numbers 0-7
Configuration 2 buffer numbers 8-11
Configuration 3 buffer numbers 12-13

Buffer Starting Buffer Comments

Number Address (hex) Sze

0 0000 8 KBytes 8 buffers of 8 KBytes each
1 2000 8 KBytes

2 4000 8 KBytes

3 6000 8 KBytes

4 8000 8 KBytes

5 A000 8 KBytes

6 C000 8 KBytes

7 EOOCO 8 KBytes

8 0000 16 KBytes 4 buffers of 16 KBytes each
9 4000 16 KBytes
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10 8000 16 KBytes
11 C000 16 KBytes
12 0000 32 KBytes 2 buffers of 32 KBytes each
13 8000 32 KBytes
The current default sartup buffer assgnment is shown in the following table;
Buffer Starting Buffer Comments
Number Address (hex) Sze
0 0000 4 KBytes 16 buffers of 4 KBytes each
1 1000 4 KBytes
2 2000 4 KBytes
3 3000 4 KBytes
4 4000 4 KBytes
5 5000 4 KBytes
6 6000 4 KBytes
7 7000 4 KBytes
8 8000 4 KBytes
9 9000 4 KBytes
10 A000 4 KBytes
11 BO0O 4 KBytes
12 C000 4 KBytes
13 D000 4 KBytes
14 EOOCO 4 KBytes
15 FO0O0 4 KBytes

Buffer Size (0-63)
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Each VRB data channd has atotd of 64 KBytes of buffer memory. This buffer memory is
divided into one or more fixed sze event buffers. The VRB contral logic alows up to 64 buffers (the
CDF SVX system is expected to use only 12 buffers). The Sze of each of the VRB event buffers may
be individualy programmed and is the same for al ten VRB data channels. The current startup default
setting for the CDF SV X configuration is 16 buffers of 4 KBytes each.

The buffer sze parameter is used only to determine buffer overflow error. The VRB will
truncate event data written to a buffer when the byte count exceeds the Buffer Sze parameter for that
buffer. Because buffer start addresses are not necessarily consecutive and may overlap, the buffer sze
is not automaticaly caculated from the buffer start addresses.

Buffer Number Register Address (hex)

00000700

00000704

00000708

0000070C

00000710

00000714

00000718

0000071C

00000720

©O©| 0| N| Oof of | W| N| K,| O

00000724

=Y
o

00000728

[ —
=

0000072C

63 000007FC

Output Data Interface

The output data FIFO can be read in two ways (usng separate VME addresses). The
“pipdined” mode is much faster, but has aminor access redtriction.
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To maximize trandfer rate, the “pipdined” mode prefetches data from the output data FIFO and
places it in pipeline regisers. When the VRB receives a VME data strobe (DS), it can immediately
transfer the contents of the last pipdine register to the VME data bus and return DTACK within 20 ns.
Once the VRB begins a pipelined block transfer, it assumes that the Scan Processor will complete the
block transfer before accessing other registers in that VRB. The block transfer may be interrupted by
other VME activity, as long as it is not a random read/write operation to the specific VRB involved in
the block transfer. If this happens, the last two data words which were prefetched from the output data
FIFO before the block transfer was interrupted will be discarded.

The “nonpipeined” block transfer mode does not prefetch data and so does not have the same
regtriction, but is 2-3 times dower. D64 block transfers (MBLT) only operate in the pipelined mode.
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Application 2 (CDF DAQ)

In the CDF DAQ agpplication, the VRB acts as a buffer for data following a Levd 2 trigger
decison. Buffer management is provided by the VRB interna logic. A subrack may contain up to 16
VRB modules. Each VRB receives data from up to ten "Tracer" modules viaa TAXI trangtion module.

The VRB dartup application and some programming/diagnostic features are controlled by
switch bank S3;

S3-1 and S3-2 are write protect switches for the VRB flash memory. These may normaly be
left OFF (not write protected) to enable in-system updates of the VRB firmware and software. Since
the VRB software does not alow flash write cycles when in CDF DAQ mode, there is generdly no
danger of accidentaly overwriting the flash memory.

Switch S3-3 disables the RS-232 termina diagnostic port. This port outputs information at
VRB dartup/reset and during some error conditions. If there is no termina connected, this switch should
be ON (disabled), since the VRB takes longer to recognize and execute a reset command when it is
displaying diagnostic messages.

Switch S3-4 disables the remote mode change feature. When enabled (switch OFF), the VRB
can be remotdy rebooted into a mode other than CDF DAQ. This is necessary for remote
reprogramnming.

Switches S3-5 through S3-8 are used to select the VRB startup application. Application select
switch settings for CDF DAQ mode are asfollows,

S3-8 S3-7 S3-6 S3-5
CDF DAQ ON ON ON OFF
?FF ON
Normal S3 settings I — flash bank O write protect
2L flash bank 1 write protect
for CDF DAQ mode 311 diagnostic port disable

/) I — remote mode change disable
5CT1 application select 0
(3 N — application select 1
7T application select 2
g T application select 3
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CDF DAQ VRB

For CDF DAQ applications, the VRB is used as a Leve 3 input buffer and operates in FIFO
mode. No datais discarded and no externa controller is necessary. Event datais logically organized
by longwords (4 bytes). The record is terminated by a stop bit (control bit in one of the four data
bytes). Although the buffer memory operates as a FIFO, the VRB interndly maintains read and write
pointers for each event. Thereis an upper limit of 64 events resdent in the buffer memory, based on the
number of pointers available. Events are automaticdly transferred to the Output FIFO (space
permitting) in the order recaived.
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TAXI data links are used and the Recelve Logic for each channel generates a BUSY sgnd
when the buffer associated with that channd is “almogt full” (256 Bytes short of the 64 KByte buffer
capacity) or if dl 64 event pointers for that buffer have been used. This BUSY signd is used to inhibit
data transmission on the TAXI link.

Output Data Format
The following header information is added to each CDF DAQ event:

31 24 23 16 15 8 7 0
00000000000000000000000000000000
total byte count
status word (thbd) event nunber
channel 0 byte count channel 1 byte count
channel 2 byte count channel 3 byte count
channel 4 byte count channel 5 byte count
channel 6 byte count channel 7 byte count
channel 8 byte count channel 9 byte count

The event number is a VRB generated incrementing value (0-255). A traller congsting of two
zero words is added to the end of each event. If the output data FIFO is empty, subsequent read
operations will return this last zero value. The VME Scan Processor can poll the output data FIFO until
it returns a non-zero vaue. This will be the first word (total byte count ) of the next scanned event.
Scanned events can be queued in the output data FIFO and read a the maximum rate of the Scan
Processor.

Scan Processing

The VRB is programmed to dlow scan operations using a single VRB address (output data
FIFO) and transfer mode (block transfer). A typical scan operation is atwo step process,

1) read one 64 bit word from the output data FIFO (ushg VME D64 block transfer
mode).....repeat this step until a non-zero value is read.....this value will be the total byte
count for the event
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2) use the total byte count to read the remainder of the event (usng VME D64 block transfer
mode)

Note that the value of the “totd byte count” includes itsef, therefore the correct block size to
trandfer in sep 2 is“totd byte count” minus eight.

The event header is 32 bytes long and the data from each channel is padded to an eight byte
boundary. The “tota byte count” includes al header, data and padding.

The byte count for each individua channd represents only the actud data for that channd (it
does not include any padding bytes a the end of the channd’s data). To find the start of the next
channd’s data, round the byte count for the previous channd to the next eight byte boundary.

Restart Operation

A VRB redart is generated under the following conditions,

1) power ON

2) front panel restart button

3) VME SYSRESET sgnd

4) expiration of the VRB processor watchdog timer (if enabled)
5) aVME remote restart command (if enabled)

"Regtart” causes the VRB processor to reset which in turn reoads dl FPGA programs for the
selected gpplication. The processor reinitiaizes shared memory parameters and clears the input and
output data FIFOs. The restart process takes severa seconds to download FPGA code. Completion
of restart isindicated by the front panel Processor LED.

The VRB will o respond to various resst commands which can be tranamitted through VME
(VRB Resat/Redtart register). These commands are only recognized if the processor and VME
interface FPGA programs are functioning correctly.

VME Addressing
The CDF DAQ application uses A32 addressing with the following address modifiers,
0x09 or 0xOD (single word accesses)
OxOB or OxOF (D32 block transfers)
0x08 or 0xOC (D64 block transfers)
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The only VRB location that responds to block transfersis the output data FIFO.

To conserve FPGA resources, D16 and D8 single word transfers are not currently implemented
(asrequired by the VME standard).

The base address of the module is determined by the subrack geographical address (GA4:0).

Address A32 Decoding
A31 GA4
A30 GA3
A29 GA2
A28 GAl
A27 GAO

There are two VME address configuration switches. These are normaly not used in the CDF
DAQ mode, but must be =t to the proper default positions. Switch bank S1 determines the eight bit
module base address for systems not using geographical addressing (ON =0, OFF = 1). For the CDF
DAQ application, these switches are "don't care" but are normally set to the ON position. Switch bank
S2 provides a means of setting the base address if geographica addressing is used, but is not supported
by the subrack backplane (ON = 0, OFF = 1). These switches should all be set to OFF in the CDF
DAQ application (when used with astandard VIPA subrack).

S1 S2

T]
i
©)
Z
|
T
o
=z

/T /module address 0
 — /module address 1
/1] /module address 2
/module address 3
 — /module address 4
— /module address 5
— /module address 6
 — /module address 7

I E— /IGAO
C—— /IGA1
I — IGA2
/IGA3
C—— IGA4
CI— IGAP

o~N~Noouoh~wN RO

o ~No b~ wdNEFRO

All registers are D32 unless otherwise indicated. Register addresses not listed are reserved.
Regiders that are written by the VRB and should be considered "read-only" for VME access are
indicated by *.
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VME Address (hex) Function

00000000 *VRB ID

00000004 * Configuration
00000008 * Date code
0000000C *Module serid number
00000010 *Module type
00000064 *TAXI violaion count
00000070 * Current status
00000074 *|_atched status
00000078 VRB reset/restart
000000EO Channd endble
000000E4 Emulation mode endble

000001C0-000001E4

* Current read buffer number (channd 0-9)

00004000-000040FC

* Channd 0 byte counts (buffer 0-63)

00004100-000041FC

* Channd 1 byte counts (buffer 0-63)

00004200-000042FC

* Channe 2 byte counts (buffer 0-63)

00004300-000043FC

*Channe 3 byte counts (buffer 0-63)

00004400-000044FC

* Channd 4 byte counts (buffer 0-63)

00004500-000045FC

*Channd 5 byte counts (buffer 0-63)

00004600-000046FC

* Channd 6 byte counts (buffer 0-63)

00004700-000047FC

* Channd 7 byte counts (buffer 0-63)

00004800-000048FC

* Channel 8 byte counts (buffer 0-63)

00004900-000049FC

* Channd 9 byte counts (buffer 0-63)

00005000-000050FC

* Read completion flags (buffer 0-63)

0001xxXX

* Output data FIFO (non-pipelined mode) [d32, BLT]

0002XXXX

* Output data FIFO (pipelined mode) [BLT, MBLT]

Register Definitions

VRB ID

Always 3 for aVRB module.

Configuration Setting

This register displays the current selected VRB application. For the CDF DAQ application, the value

should be 2.
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Date Code

The verson of the VRB firmware for the gpplication currently running is indicated by a 4 digit
hexadecimal date code. The format is YMDD where;

Y =ladt digit of year
M = month (January =“1"........... December =“C”)
DD =day

Module Serial Number

Individua board serid number for this VRB.

Module Type

Containsavaue of 1if thisisa 10 channe X 64 Kbyte board (norma CDF configuration), O if
thisisan 8 channel X 32 Kbyte board.

TAXI Violation Count

A 16 bit count of the number of TAXI violations detected snce module reset. This count
represents the OR of dl ten recelvers.

Current Satus

This register holds an unlatched copy of the current VRB status sgnds (TBD).

Latched Status

This register holds a latched copy of the VRB datus Sgnds (TBD). If any of the Satus Sgnds
have been asserted since the last clear status command, the corresponding bit will be latched high in this
register.

VRB Reset/Restart
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The VRB can be programmed to recognize up to 256 reset/restart commands. The following
commands are currently implemented;

0x00 reset input and output data FIFOs, VRB control and buffer logic
(does not reset processor or reload FPGAS)

0x01-0x7F (reset) not defined

0x80 restart VRB with application O

0x81 restart VRB with gpplication 1

0x82 resart VRB with application 2

0x83 restart VRB with application 3

0x84 restart VRB with gpplication 4

0x85 restart VRB with gpplication 5

0x86 restart VRB with application 6

0x87 resart VRB with application 7

Ox88 restart VRB in Default Mode

0x89-0xFF (restart) not defined

The restart commands are provided to alow test software to switch between applications
without removing the VRB and changing default switch settings. This overrides the settings of the VRB
Application Select switches (S3-5,6,7) until the next restart. Note that restart commands are only
recognized if the Remote Restart Disable switch (S3-4) is OFF.

Channd Enable

The VRB data channds may be individualy enabled or disabled. Disabled channels have a byte
count of zero in the event header and no data in the data record. Error signals (violation, etc) are not
processed if the channd is not enabled. The default startup setting for this regigter is al channds
disabled (0). For dl channels enabled, the correct value for this register would be Ox3FF.

Important: settings for the channd enable register do not take effect until the VRB isreset by writing to
the VRB reset/restart register (address 78, reset command O or 1).

Bit number Function

0 channd 0 enable
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channd 1 endble

channd 2 enable

channd 3 enadble

channd 4 endble

channd 5 enable

channd 6 enable

channd 7 enable

channd 8 enable

OO (N[O |0 [W|IN|F

channd 9 endble

10-15 not used

Emulation M ode Enable

The VRB daa channds may be individualy placed in “red” or “emulated” data modes. In
emulated data mode, a 256 byte incrementing pattern is generated in place of input data from the FIB
for the selected channdl(s). The generated data pattern increments from 00 to FF with the same count
gppearing twice in each 16 bit word. The default sartup setting for this register is dl channds in “red”
data mode (0).

Important: settings for the emulation mode enable register do not take effect until the VRB isreset by
writing to the VRB reset/restart register (address 78, reset command O or 1).

Bit number Function

channd 0 emulation mode

channd 1 emulation mode

channd 2 emulation mode

channd 3 emulation mode

channd 4 emulation mode

channd 5 emulation mode

channd 6 emulation mode

channd 7 emulation mode

channd 8 emulation mode

OO |(N[O|O|B[W|IN|FL|O

channd 9 emulation mode

10-15 not used

Output Data Interface
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The output data FIFO can be read in two ways (usng separate VME addresses). The
“pipdined” mode is much faster, but has a minor access redtriction

To maximize trandfer rate, the “pipdined” mode prefetches data from the output data FIFO and
places it in pipdine regisgers. When the VRB receives a VME data strobe (DS), it can immediately
transfer the contents of the last pipeline register to the VME data bus and return DTACK within 20 ns.
Once the VRB begins a pipelined block transfer, it assumes that the Scan Processor will complete the
block transfer before accessing other registers in that VRB. The block transfer may be interrupted by
other VME activity, aslong as it is not a random read/write operation to the specific VRB involved in
the block transfer. If this happens, the last two data words which were prefetched from the output data
FIFO before the block transfer was interrupted will be discarded.

The “non-pipeined” block transfer mode does not prefetch data and so does not have the same
regtriction, but is 2-3 times dower. D64 block transfers (MBLT) only operate in the pipelined mode.
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Application 3 (CDF SVX Test)

Thisis a goecid mode used for high rate data link test. Datais checked by the VRB for packet
checksum errors.

The VRB dartup application and some programming/diagnostic features are controlled by
switch bank S3;

S3-1 and S3-2 are write protect switches for the VRB flash memory. These may normaly be
left OFF (not write protected) to enable in-system updates of the VRB firmware and software. Since
the VRB software does not alow flash write cycles when in CDF SV X Test mode, thereis generaly no
danger of accidentaly overwriting the flash memory.

Switch S3-3 disables the RS-232 termina diagnosgtic port. This port outputs information at
VRB dartup/reset and during some error conditions. If there is no termina connected, this switch should
be ON (disabled), since the VRB takes longer to recognize and execute a reset command when it is
displaying diagnostic messages.

Switch S3-4 disables the remote mode change feature. When enabled (switch OFF), the VRB

can be remotely rebooted into a mode other than CDF SVX Test. This is necessary for remote
reprogramming, and for automated switching between CDF SV X and CDF SV X Test modes.

Switches S3-5 through S3-8 are used to select the VRB startup application. Application select
switch settings for CDF SVX Test mode are as follows,

S3-8 S3-7 S3-6 S3-5
CDF SVX Test ON ON OFF OFF
? FF ON
Norma S3 stin I — flash bank O write protect
% 2L 1 flash bank 1 write protect
for CDF SVX Test mode ST diagnostic port disable

ALT ] remote mode change disable
51T application select 0
(] I application select 1
7C T application select 2
gl 11 application select 3
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In CDF SVX Test mode, the VRB performs checksum cdculations on the incoming data
stream and uses the backplane status signals for checksum errors, but otherwise operates in the same
way asthe CDF SV X application. The checksum is caculated asfollows,

1) add al data bytes received for an event up to and including the first “CX” EOR word, but
not including any “DO” fill words.

2) saubtract the value of the bunch crossing number sent by the SRC.

3) subtract N times the vaue of the pipeline capacitor number sent by the SRC, where N isa
preset vaue for each channel (see register definitions).

The VRB drives the following status signds on the J5/6 backplane. These Sgnas are active low
(open callector TTL) on the backplane and are inverted by the VRB Fanout module.

* readout busy* (statO): (same as SV X mode, held low if checksum error)
* scan busy* (dtatl): (same as SV X mode)
* Sync error* (stat2): (same as SV X mode)

* dot 13/15 checksum error* (stat3):  Checksum error for VRBsin dots 13 and 15
* dot 12/16 checksum error* (stat4): Checksum error for VRBsin dots 12 and 16
* dot 11/17 checksum error* (stat5): Checksum error for VRBsin dots 11 and 17
* dot 10/18 checksum error* (stat6): Checksum error for VRBsin dots 10 and 18
* dot 9/19 checksum error* (da7):  Checksum error for VRBsin dots9 and 19
* dot 8/20 checksum error* (stat8):  Checksum error for VRBsin dots 8 and 20

* receive datatimeout* (stat9): Indicates that a VRB is not recelving data...the VRB
generding this eror will dso blink its front pand
Controller status LED.

Following receipt of the last byte of data in an event, the checksum error status signals are
driven high for gpproximately 400 nsif an error is detected.

All regigters are the same as in the CDF SV X gpplication with the following exceptions,

VME Address Function
00000140-00000164  [Checksum vaue (channd 0-9)
00000180-000001A4  [Number of SVX chips (channe 0-9)
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Checksum Value

Each regiger contains an 8 bit vadue to compare againg the caculated input data stream
checksum for the specified channd. The vaue may be different for each VRB channd. Only the low 8
bits of the calculated checksum are compared.

Number of SVX Chips

Each register contains a 4 bit value o indicate the number of SVX chips atached to the
corresponding channd. It may be different for eech VRB channe.  When running the system with
samulated data inputs (e.g., from a DEM module), the register is normaly set to O (default value) snce
the pipeline capacitor number is aknown fixed vaue and can be included in the expected checksum.

When running with red SVX chips, the pipdine capacitor number varies with each event and
must be subtracted from the VRB caculated checksum to match the expected checksum vadue. This
subtraction is performed once for each SV X chip connected to the VRB data channdl.
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Application 4 (DO SVX Test)

The DO SVX test gpplication is identical to the CDF SVX Test gpplication, but takes into
account the reduction in number of channds and buffer memory.

The VRB dartup application and some programming/diagnostic features are controlled by
switch bank S3;

S3-1 and S3-2 are write protect switches for the VRB flash memory. These may normally be
left OFF (not write protected) to enable in-system updates of the VRB firmware and software. Since
the VRB software does not alow flash write cycles when in DO SV X Test mode, there is generdly no
danger of accidentdly overwriting the flash memory.

Switch S3-3 disables the RS-232 termina diagnostic port. This port outputs information at
VRB dartup/reset and during some error conditions. If there is no termina connected, this switch should
be ON (disabled), since the VRB takes longer to recognize and execute a reset command when it is
displaying diagnostic messages.

Switch S3-4 disables the remote mode change feature. When enabled (switch OFF), the VRB
can be remotely rebooted into a mode other than DO SVX Test. This is necessary for remote
reprogramnming.

Switches S3-5 through S3-8 are used to select the VRB startup application. Application select
switch settings for DO SVX Test mode are as follows,

S3-8 S3-7 S3-6 S3-5
DO SVX Test ON OFF ON ON
OFF ON
- 1 i
Norma S3 settings flash bank O write protect
2L T flash bank 1 write protect
for D) SVX Test mode 3] diagnostic port disable

4T ] remote mode change disable
511 application select 0
11 application select 1
71— application select 2
oY I— application select 3
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Two VME configuration switches are provided. S1 determines the eight bit module base
address for systems not using geographica addressng (ON = 0, OFF = 1). S2 provides a means of
setting the base address if geographica addressing is used, but is not supported by the subrack
backplane (ON = 0, OFF = 1). Neither switch st is necessary in a VIPA standard subrack with
geographicd addressing (al S1 switches should be set to ON and al S2 switches should be set OFF in
this case).

S1 S2

'r|
T
©)
=z
o
T
@)
=z

/T /module address 0
| — /module address 1
/1] /module address 2
/module address 3
 — /module address 4
 — /module address 5
 — /module address 6
 — /module address 7

I E— /IGAO
C—— /IGA1
I — IGA2
/IGA3
C—— IGA4
CI— /IGAP

o~No b~ wdN RO

o~ O~ wWN RO
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Application 5 (DO Trigger)

The DO Trigger gpplication is identicd to the DO SVX gpplication, but runs with the GLink
VTM in 20 bit mode and uses GLink data lines D17 and D19 as end-of-record flags. The incoming
datais actualy 16 hits wide and is split between two VRB channels (odd bytes in one channdl, evenin
the other). The data must then be reassembled &fter it has been read from the VRB.

The VRB dartup gpplication and some programming/diagnostic features are controlled by
switch bank S3;

S3-1 and S3-2 are write protect switches for the VRB flash memory. These may normally be
left OFF (not write protected) to enable in-system updates of the VRB firmware and software. Since
the VRB software does not dlow flash write cycles when in DO Trigger mode, there is generaly no
danger of accidentaly overwriting the flash memory.

Switch S3-3 disables the RS-232 termina diagnosgtic port. This port outputs information at
VRB dartup/reset and during some error conditions. If there is no terminal connected, this switch should
be ON (disabled), since the VRB takes longer to recognize and execute a reset command when it is
displaying diagnostic messages.

Switch S3-4 disables the remote mode change feature. When enabled (switch OFF), the VRB
can be remotely rebooted into a mode other than DO Trigger. This is necessary for remote
reprogranming.

Switches S3-5 through S3-8 are used to select the VRB startup application. Application select
switch settings for DO Trigger mode are asfollows,

S3-8 S3-7 S3-6 S3-5
DO Trigger ON OFF ON OFF
C])-FF ON
Norma S3 sttin [ — flash bank O write protect
. > 21T flash bank 1 write protect
for DO Trigger mode 311 diagnostic port disable

AT remote mode change disable
511 application select 0
(] I application select 1
7CT application select 2
gl 11 application select 3
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The chip locationsin red are not populated on the DO version of the VRB. Readout channel

ordering is as shown.
IP Port 68FC030
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DO Trigger VRB

Two VME configuration switches are provided. Sl determines the eight bit module base
address for systems not using geographicd addressing (ON = 0, OFF = 1). S2 provides a means of
setting the base address if geographica addressing is used, but is not supported by the subrack
backplane (ON = 0, OFF = 1). Neither switch set is necessary in a VIPA standard subrack with
geographica addressing (al S1 switches should be set to ON and al S2 switches should be set OFF in
this case).
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Application 6 (unassigned)

OFF ON
S3 1 % flash bank O write protect
2 flash bank 1 write protect
3E—TI1 | giagnostic port disable
41— remote mode change disable
5T application select 0
¢ N — application select 1
4 — application select 2
gC—T1 application select 3
Application sdlect switch settings for Application 6 are asfollows;
S3-8 S3-7 S3-6 S3-5
Applicetion 6 ON OFF OFF ON

Two VME configuration switches are provided. Sl determines the eight bit module base
address for systems not using geographica addressing (ON = 0, OFF = 1). S2 provides a means of
setting the base address if geographical addressing is used, but is not supported by the subrack
backplane (ON = O, OFF = 1). Neither switch set is necessary in a VIPA standard subrack with
geographica addressing (al S1 switches should be set to ON and al S2 switches should be set OFF in

this case).

S1

_n
T
@)
P

o~NooohN~NwN RO

/module address 0
/module address 1
/module address 2
/module address 3
/module address 4
/module address 5
/module address 6
/module address 7

S2

98

T
T

o~No U~ wWNERO

IGAO
IGA1
IGA2
IGA3
IGA4
IGAP




Application 7 (unassigned)

OFF ON
S3 L — flash bank O write protect
20T ] flash bank 1 write protect
3CT1 diagnostic port disable
41T remote mode change disable
511 application select 0
6L 1 application select 1
7 application select 2
Y — application select 3
Application sdect switch settings for Application 7 are asfollows;
S3-8 S3-7 S3-6 S3-5
Application 7 ON OFF OFF OFF

Two VME configuration switches are provided. S1 determines the eight bit module base
address for systems not using geographica addressing (ON = 0, OFF = 1). S2 provides a means of
setting the base address if geographical addressing is used, but is not sipported by the subrack
backplane (ON = O, OFF = 1). Neither switch set is necessary in a VIPA standard subrack with
geographica addressing (al S1 switches should be set to ON and al S2 switches should be set OFF in

this case).

S1
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/module address 0
/module address 1
/module address 2
/module address 3
/module address 4
/module address 5
/module address 6
/module address 7

S2
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Default Mode

At gartup the VRB will examine the setting of switch S3-8 (Application Sdlect 3). If this switch
is OFF, the VRB will be initidlized with default code to dlow generic VME access and diagnostics.
The VRB must bein Default modeto allow in-system reprogramming of the flash memory.

Application sdlect switch settings for the Default mode are as follows,

S3-8 S3-7 S3-6 S3-5
Default OFF X X X
OFF ON
S3 101 flash bank 0 write protect

pJ B flash bank 1 write protect
3T diagnostic port disable
AT 1] remote mode change disable
511 application select 0
611 application select 1
7] application select 2

Y — application select 3

VME Addressing

The Default gpplication uses A32 VME addressing with the following address modifiers,

0x09 or 0xOD (single word accesses)

The base address of the module is determined by the subrack geographica address (GA4:0).

Address A32 Decoding
A31 GA4
A30 GA3
A29 GA2
A28 GA1l
A27 GAO
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Two VME configuration switches are provided. S1 determines the eight bit module base
address for systems not using geographica addressing (ON = 0, OFF = 1). S2 provides a means of
setting the base address if geographica addressing is used, but is not supported by the subrack
backplane (ON = 0, OFF = 1). Neither switch set is necessary in a VIPA standard subrack with
geographica addressing (al Sl switches should be set to ON and al S2 switches should be set OFF in
this case).

S1 S2

OFF ON OFF ON

I — | /module address 0 1 /4 IGAOQ
2 11 /module address 1 2 I/ IGA1
3 11 /module address 2 3 11 IGA2
4 17 /module address 3 4 1T/ /GA3
5 C—13 /module address 4 5 C—/ IGA4
6 C—I1 /module address 5 6 CI— /IGAP
7 1 /module address 6 7 CI—

g 1 /module address 7 g CI—

All regigters are accessed using D32 single word transfers. These registers contain 16 bits of
ggnificant information in the low haf of the 32 bit word with the high 16 bits returning zeros on reads
and ignored on writes. Addresses not listed are reserved. Registers which are written by the VRB and
should be considered "read-only" for VME access are indicated by *.

VME Address (hex) Function

00000000 *VRB ID

00000004 * Configuration setting
00000008 * Date code
0000000C *Module serial number
00000010 *Module type
00000078 VRB reset/restart
000000A0 Trander command
000000A4 Transfer address low
000000A8 Transfer address high
00000800-0000BFC Transfer data block

Register Definitions

VRB ID

Always 3 for aVRB module.
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Configuration Setting

This register displays the current selected VRB application. For the Default application, the vaue should be
8.

Date Code

The verson of the VRB firmware for the gpplication currently running is indicated by a 4 digit
hexadecimal date code. The format is YMDD where;

Y =last digit of year
M = month (January =“1"........... December =“C")
DD = day

Module Serial Number

Individua board serid number for this VRB.

Module Type

Contains avdue of 1 if thisis a 10 channe X 64 Kbyte board, O if thisis an 8 channd X 32
Kbyte board.

VRB Reset/Restart

The VRB can be programmed to recognize up to 256 reset/restart commands. These
commands can be sent ether through VME or by the System Controller. The following commands are
currently implemented;

0x00-0x7F | (reset) not defined

0x80 restart VRB with application O
0x81 restart VRB with application 1
0x82 restart VRB with gpplication 2
0x83 restart VRB with application 3
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0x84 restart VRB with application 4

0x85 restart VRB with gpplication 5
0x86 restart VRB with application 6
0x87 restart VRB with gpplication 7
0x88 restart VRB in Default Mode

O0x89-OxFF | (restart) not defined

The restart commands are provided to alow test software to switch between applications
without removing the VRB and changing default switch settings. This overrides the settings of the VRB
Application Select switches (S3-5,6,7,8) until the next restart.

VRB Programming usng VME

Programming the VRB through VME requires that the module be restarted in Default Mode.
The reason for thisisthat the Default Mode firmware resdes in the lower bank of flash memory where it
will not be overwritten when the upper bank is reprogrammed. All other applications resde in the
upper bank of flash memory.

Switching to Default mode is normally accomplished by writing avaue of 0x88 to the VRB
Reset/Redtart register (the address of this register varies, depending on the current application). After
sending the restart command, the programming software should wait approximately 5 seconds for the
VRB to ranitidize.

The programming software should then select and convert the appropriate S-record file. This
fileis usudly named vrbX XXX .hex, where XXX X isthe date code. Thisfile containsdl VRB
gpplications and firmware, for both the upper and lower banks of flash memory.

Start by programming the upper bank of flash memory. Decode the S-record file into an integer
array (the array should be 262,144 words, 32 bits each). An array should be used because the datain
the S-record file is not necessarily in sequentia order, but must be put in order before downloading to
the flash memory. If you plan to verify after downloading, be sure to zero the array before decoding the
S-record file. Asyou are decoding the S-record file, discard any lineswith an address fiedd BELOW
0x01000000 (these are part of the lower bank of flash memory). An samplelineform aVRB S-record
file is shown below, with spaces added between fidds:

S3 15 01000000 4E 56 FF BC 48 E7 10 00 3D 7C 00 08 FF C6 3D 7C 0C

The S3 indicates adatarecord. The first record of the file will contain SO and the last record
will contain S7. The"15" isthe (hex) number of remaining bytesin the record, including the address
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fidd and the checksum. The next fied isa 32 hit address indicating where the data should be put in
flash memory. The next 16 bytes (in this example) are data and the last byte is a checksum. The data
should be placed in the integer array as shown in the following picture (2 bytes in each word of the
aray);

[ LI [ G G [ (e [ [ o] bd B b B B

S-record

of1 first word

213 second word

415 etc.

Memory Array

14415

Continue through the complete S-record file, placing each record in array locations according to the
addressfield of the record. To trandate between S-record address fields and array locations, subtract
0x01000000 from the S-record address field ( for upper bank data records) and divide by 2 (to
convert from byte addresses to array indices).
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The datain this array must now be transferred to the upper bank of VRB flash memory in
blocks of 256. Copy the first block to VME address 0x800 through OxBFC using D32 single word
transfers (note that even though you are using D32 transfers, only 16 bits of data are being transferred in
each word....the high 16 bits of each word are unused).

After writing ablock of data, set the Sarting address in flash memory where the data should be
placed. Because the VRB registers are only 16 bitswide, you will have to set both an upper and lower
trandfer addressregister. Since we are starting with the first block of the upper bank of flash memory
(address 0x01000000), set the upper transfer address register (VME location 0xA8) to 0x0100 and
st the lower transfer address register (VME location 0xA4) to 0x0000.

Now write acommand vaue of 1 to the transfer command register (VME location OxA0). The
VRB will handle the internd timing of the flash memory write which takes agpproximately 50
milliseconds. After the writeis finished, the VRB will set the command register (VME location 0xXAQ)
back to zero. You can pall this register to see when the writeis finished.

The second block of the data array should be transferred to the same VRB buffer address
(Ox800 through OxBFC), but this time the upper and lower flash memory transfer address registers
should be set to 0x0100 and 0x0200 respectively (address 0x01000200). Increment the address
registers by 0x200 for each block sent, until 1023 blocks are transferred. IMPORTANT: DO NOT
trandfer the fina block of the array (starting a flash memory address 0x0107FEQQ) since this contains
module specific information (seria number and configuration).

To verify that the upper bank of flash memory has been correctly programmed, set the upper
and lower transfer address registers back to the start of the memory (0x0100 and 0x0000, respectively)
and write avaue of 2 to the transfer command register (VME location 0xAQ). Thiswill cause the data
in the first block of flash memory to be copied to the VRB data buffer (0x800 through OXBFC). The
command register will be reset to zero when the transfer is complete. 'Y ou can then read this block
from the VRB using single word D32 transfers and compare it to the datain the array. Increment the
address registers by 0x200 for each block as in the write case. Again skip the last block of the array
gnceit will be different for each VRB.

Programming of the lower bank of flash memory is done in the same way. Firg though, the
VRB processor must be told to jump to a location in the high bank of memory (since the flash memory
cannot be programmed at the same time it is being used). Do this by sending atransfer command vaue
of 5 (VME location 0xAQ) before starting the download. This causes the processor to copy the flash
memory driver to alocation in high memory and then jump to that location.

You mus renitidize (zero) the data array in memory and make a second converson pass
through the Srecord file. This time discard any S-records with address fields ABOVE 0x01000000
since these are for the upper bank of flash memory.
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Trandfer the data blocks to the VRB in the same way as was done for the upper bank of
memory, using transfer commands of 1 to write a block and 2 to read a block The flash memory
address for the lower bank starts at 0x00000000, so the transfer address registers should start at
0x0000 and 0x0000, and increment by 0x0200. The last block of the lower bank of memory is not
used, so you may transfer the same number of blocks (1023) asin the upper bank.

When finished writing and verifying the lower bank of memory, the VRB must be restarted.
This is because the origina caling program has now been overwritten and the stack return addresses
may no longer be vaid. To restart the VRB, send a command vaue of 6 to the trandfer command
regiser. The VRB will resat usng the gpplication sdect switches, which should normaly be
configured for the gpplication that was origindly running.

Transfer command vaues of 3 and 4 are used to write and read the serid number/configuration
block at the top of bank 1. This block is programmed when the module is first received and does not
need to be reprogrammed unless memory chips are replaced.

Note 1. when programming the lower bank of flash memory, a copy of the driver is written to
an unused block of memory in the upper bank (starting at address 0x0106FEQQ). If you try to verify
the upper bank of memory after programming the lower bank, you will receive a verify error for this
block. To avoid this, either don't verify or ignore verify errors for thisblock. Since dl blocks beginning
at addresses Ox010XFEQO are unused (or reserved), you may skip programming and verifying of these
blocks. Address Ox010XFEQOO corresponds to the last block in each group of 128 blocks.

Note 2. dl VRBs contain the code for dl applications, o there is a Sngle data file which is
updated regardless of which applications have changed. Refer to the VRB update ligt for information on
changes. The code for each application arts at a fixed location in the upper bank of flash memory
(application O starts at 0x01000000, application 1 starts at 0x01010000, etc.). It is therefore possible
to reprogram just one application without disturbing others. There is a0 a separate date code
contained in each gpplication to identify those that have been updated.

However, to avoid too many varidaions of ingaled firmware, the current practice is to
reprogram dal gpplications (as well as the lower bank of flash memory) when any one changes. Users
should examine the VRB update list to determine if their gpplication is affected by newer versons of the
VRB data file. For obvious reasons, we prefer that dl VRBs be updated occasionaly to the most
recent verson (even if there have been no mgor changes to your gpplication) so that we do not have to
mantain multiple versons.
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